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[pennoxennast Beicokod(QdekTrBHAs KoHurypanus c obpamenHsiM noneM (FRC) Bxiouaer B
ceOsl LEHTPAIbHYI0 €MKOCTb ISl yAEPXKaHUs, [ABE OHAMETPAIbHO MPOTUBOMOJIOKHBIE (OPMHUPYIOIIUE
ceknuu 6O-muHYel ¢ OOpalleHHBIM II0JIeM, CBSI3aHHBIE C YHNOMSIHYTOH €MKOCTBIO, M JBE KaMephbl
JIMBEPTOPOB, CBSI3aHHBIE C (POPMHUPYIOIIUMHU CEKIMAMH. MarHuTHas cUCTeMa BKITIOYAeT B Ce0sl KaTyIIKH
KBa3UIIOCTOSHHOIO TOKA, PACIIOIOKEHHbIE aKCHAIBHO BAOIb KOMIOHEHTOB FRC-crcTeMsl, 3epkaibHbIe
KaTyIIK{ KBAa3WIIOCTOSHHOTO TOKAa MEXAY KaMepoW ynepXaHuss W (OPMHUPYIOUIMMH CEKLMSIMH |
3epKaJIbHbIe MPOOKH MeXIy (OPMHUPYIONIMMH CEKUIMSIMH M JuBepropaMu. DopMupyloye CEeKIuH
BKJIIOYAlOT B ce0sl MOAyibHbIE (DOPMHUPYIOIINE CHCTEMbl HMITYIbCHOTO IHTaHMSA, ITO3BOJIAIOIIUE
OCYIIECTBIIATh CTaTHYECKOE M AWHaMuueckoe (opmuposanue, a Takxke yckopenne FRC. FRC-cucrema
JIOTIOJIHUTENNBEHO BKIIIOYAET B CE0sl MHXKEKTOPHI My4YKOB HEHTpabHBIX aTOMOB, WHXKEKTOPHI TaOJIETOK,
CHCTEMBI F€TTEPUPOBAHUS, OCEBbIC NIA3MEHHBIC ITYIIKH U 3JIEKTPO/bI, CMEIIAIOIIHNE TOBEPXHOCTH ITOTOKA.
WHXeKTOpBI IyYKOB IIPEANIOYTUTENFHO HAKJIIOHEHBI K CpeIHel INIOCKOCTH KaMepsl. B mporecce paboTsr
napameTpsl FRC-1u1a3mel, BKIIIoUasi TEPMUYECKYIO SHEPTHUIO TIa3MBbI, OOLIHE KOINYECTBA YaCTHIIL, PaIIyC
¥ 3aXBaTbIBA€MbI MATHUTHBIN MOTOK, OAAEPKUBAIOTCS HA WK IPUMEPHO Ha IOCTOSHHOM 3Ha4EHHU 6€3
Crajia BO BPeMsI HH)KEKIIMH ITyYKOB HEHTPaJIbHBIX YaCTHII.
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OoJacTb u300peTeHust

OnuceIBacMbIC 31€Ch BapHAHTHI OCYIICCTBICHHUS OTHOCSTCS B OCHOBHOM K CHCTEMaM MJIsi MarHUTHOTO
yAepKaHus IUIa3Mbl, a 0oJiee KOHKPETHO K CUCTEMaM H CIoco0aM, KOTOPbIE CIIOCOOCTBYIOT (POPMUPOBAHUIO H
MOJIep’KaHUIO KOH(GUTYpaIuii ¢ 0OpaleHHbIM TI0JIEM C MPEBOCXOAHON YCTONUMBOCTRIO, a TaKXKe YICpIKaHUIO
YaCTHII, SHEPTHH U ITOTOKA.

peanockliku n300peTeHn

Kongwurypammus ¢ oopamenasiM mosieM (FRC) mprHamiexuT K KJaccy TOTOJIOTHI MAarHUTHOTO YAepKaHUS
TUTa3MBbl, M3BECTHBIX Kak KommakTHble Topouiasl (KT). Ona memoHCTpupyeT Tpeobiafarolie MOJOUIaTbHBIE
MarHUTHEIC TIOJIS U O0JIAaeT HYJIECBBIMU WU MAJBIMH CAMOTCHEPUPYEMBIMHI TOPOUIATBHBIMEU MOJAME (cM. M.
Tuszewski, Nucl. Fusion 28, 2033 (1988)). [IpeumymiectBamMu Takoi KOHQUTypauy SBISIOTCS €€ mpocTast IS
MOCTPOCHHUS U MOACPIKAHUS TEOMETPHS, ECTCCTBEHHBIN HEOTPAaHHMYCHHBIA TUBEPTOP JJIS OCYIICCTBICHUS dHEP-
TOBBIJICIICHUS U 30JI0YAAJICHUS, a TAKKe OYCHb BBICOKOE 3 (3-OTHOIIEHUE CPEeTHETO AABICHHA IUIA3MBI K Cpe-
HEMy JaBJeHWI0O MarHuTHoro nois BHyTpu FRC), T.e. BBICOKas INIOTHOCTH MOITHOCTH. CBOMCTBO BBICOKOTO [3
BBITOJTHO JUTSI SKOHOMHYHOHM Pa0OTHI M TSI IPUMCHEHUS yYCOBEPIICHCTBOBAHHBIX HEHTPOHHBIX TOIUTUB, TAKUX
kak D-He’ u p-B'".

Tpamutmonnsiit cocod GopmupoBanuss FRC ucnons3yeT TeXHOJIOTHH O-TiHYA ¢ 0OpaIIeHHBIM ITOJIEM,
JIaroIeit ropsiare BRICOKOIUTOTHEIC a3Mbl (cM. A.L. Hoffman u J.T. Slough, Nucl. Fusion 33, 27 (1993)). Pas-
HOBHJIHOCTBIO 3TOTO SIBJIIETCS CTIIOCOO TMepeHoca U 3axBara, B KOTOPOM IuI1a3Ma, co3faBaeMas B "HCTOUHHKE" O-
MUHYA, B OOJIBIIICH MIIH MEHBIICH CTETICHH HEMEIJICHHO BBIOPACHIBACTCS U3 OJHOTO TOPIA B KAMEPY YACPKAHHUS.
3areM MepeHOCHMBIN IITa3MOUJI 3aXBATHIBACTCSA MEKIY JABYMs IPOYHBIMHU 3epKajaMy Ha TOpIaxX KaMepsl (CM.,
Hanpumep, H. Himura, S. Okada, S. Sugimoto u S. Goto, Phys. Plasmas 2, 191 (1995)). Kak ToapK0 3TOT Ij1a3-
MOMJ] OKa3bIBAaeTCS B KaMepe yAep:KaHUs, MOXXHO IPUMEHSTh pa3INIHbIe CTIOCOOBI HaTrpEBaHUSA U BO30YKACHUSA
TOKAa, TAKMe KaK WHXEKITHI IMydKa 9acTul] (HeWTpaIbHBIX MM HEHTPAIM30BAHHBIX), BPAIIAIONINECS MarHUTHBIC
TMOJIs, BBICOKOYACTOTHBIA T OMHYECKHH HAarpeB W T.[. DTO pasfesicHue (YHKIUI MCTOYHHWKA M yACPIKAHUSA
JaeT KIIOYEBbIC MHXCHEPHBIC NMPEUMYINECTBA I MOTCHIIMATBHBIX OyIyIINX TepMOSNepHBIX peakTopoB. FRC
JIOKa3aJi CBOIO UCKITIOYUTENHHYIO YCTOMYMBOCTh K BHEITHIUM BO3JCHCTBUAM, IPUCIIOCOOIIEMOCTh K THHAMUYC-
CKOMY (pOpMHUPOBAHUIO, IEPEHOCY Y WHTCHCUBHBIM COOBITHSM 3axXBaTa. boiiee TOro, OHU JEMOHCTPHPYIOT TCH-
JICHIIAIO JOIYCKaTh MPEIIOYTHTEIHHOE COCTOSIHUE ID1a3Mmbl (cM., Hampumep, H.Y. Guo, A.L. Hoffman, K.E.
Miller u L.C. Steinhauer, Phys. Rev. Lett. 92, 245001 (2004)). 3a mocnenHee necATHICTAC AOCTUTHYT 3HAYU-
TENBHBIA MPOTPECC B Pa3BUTUHU IPYTUX crmocoOoB GopmupoBanus FRC: mocpenctBom oO0benuneHus chepoma-
KOB C IIPOTUBOIIOJI0XHO HAINPaBIECHHBIMU CIHpaTbHOCTAME (cM., Harpumep, Y. Ono, M. Inomoto, Y. Ueda, T.
Matsuyama u T. Okazaki, Nucl. Fusion 39, 2001 (1999)) u mocpeactBoMm Bo30yXIeHHUSI TOKA BPAIIAIOIIUMHUCS
MarHuTHbIME TionssMu (BMIT) (cwm., Hammpumep, [.R. Jones, Phys. Plasmas 6, 1950 (1999)), koTopsie Takxe odec-
TICYNBAIOT JTOTIOJIHUTEIHHYIO YCTOWIHBOCTD.

HemaBHO OBIT CyIIECTBEHHO TOpa0OTaH METO] CTOJIKHOBEHHS U 00BEIUHEHNUS, IPEITIOKCHHBINA YK€ JaBHO
(cm., Hanpumep, D.R. Wells, Phys. Fluids 9, 1010 (1966)): nBa oTnensHbIX O-TMHYA Ha IPOTHBOIOIOKHBIX TOP-
[ax KaMepbl yAepKaHHUs OJHOBPEMEHHO TEHEPUPYIOT H YCKOPSIOT JBa IJIa3MONUA IT0 HANIPABIICHUIO APYT K APY-
Ty Ha BBICOKOW CKOPOCTH, KOTOPBIE 3aTeM CTAIKWBAIOTCS B LIEHTPE KaMephl yAepKaHUI U 00beANHSIOTCS, 00pa-
3ysa coctaBHyto FRC. IIpu pa3paboTke u yCHENIHOM NPOBEACHUH OTHOTO M3 HamOoJiee KPYITHOMACIITAOHBIX K
HACTOSIIEMY BpeMeHU dKcriepuMeHTOB ¢ FRC, 0OBIYHEINH CITOCOO CTONKHOBEHUS W 00BEIUHCHUS TOKA3all, YTO
JlaeT YCTOWYMBEIC BhIcOKoTeMmepaTypHubie FRC ¢ 60JbIIuM BpeMEHEM KU3HHU U OOJBIION TUIOTHOCTHIO MOTOKA
yactull (cM., Hapumep, M. Binderbauer, H.Y. Guo, M. Tuszewski et al., Phys. Rev. Lett. 105, 045003 (2010)).

FRC cocTosT 13 Topa CHJIOBBIX JTUHHNA 3aMKHYTOTO TOJIS BHYTPH CEMApaTPUCH U KOJIBIIEBOTO TPAHUYHOTO
CJIOSl HA MAaTHUTHBIX JIMHHUSX OTKPBITOTO TOJSI TOJBKO CHAPYKH OT CEHapaTpUCHl. | paHUYHEIA CIIOW CXOTUTCS B
ctpyu 3a npeaenamu anuHbl FRC, obecrieunBas ectectBeHHbli quBepTop. Tomonorust FRC coBmamaer ¢ Tomo-
JIOTHE! TIa3MBI 3epKall ¢ oOparieHHbIM noteM. OIHaKo CYIIECTBEHHOE pa3iuyne 3aKitodaeTcs B ToM, uto FRC-
wiazMa umeet 3 okono 10. CoOcTBeHHOE craboe BHYTpEHHEE MAarHUTHOE TOJIE 00ECIEUHUBACT OMPEICICHHYIO
MECTHYIO MOITYJISIIHIO YaCTHII, 00JIaaOIINX OTPEICICHHON KHHETHIECKOW SHEPTHEH, T.€. JaCTHII ¢ OONBIINMHI
JAPMOPOBCKUMH paJnycaMH Mo cpaBHeHHIO ¢ MaibiM paaumycoM FRC. OueBmaHO, 9TO MMEHHO 3TH CHIIBHBIC
KHHETHYEeCKUE dPPEKTHI BHOCSAT, TI0 MEHBIIICH Mepe, YaCTUIHBIN BKJIa B OOIIYIO YCTOMYHUBOCTH pa3pabOTaHHBIX
B mporioM u coBpeMeHHBIX FRC, Taknx Kak mojrygyaeMble B 9KCIIEPUMEHTE 110 CTOJIKHOBCHHUIO ¥ 0OBEAHHEHHIO.

B skcnepumenTax ¢ TunmmaabME FRC, pa3paboTaHHBIME B IPOILIOM, JOMHHAPOBAIA KOHBEKTHBHBIC TIO-
TEpH, TPH 3TOM YACPKAHUE YHEPTUU OMPEICIUIOCh epeHocoM YacTull. Yactuipl 1udGyHIUPYIOT U3 OTpaHu-
YCHHOTO CemapaTpucoil 00beMa TIIaBHBIM 00pa3oM pajHaibHO, a TOTOM MPOUCXOJAT UX aKCHANBHBIC MMOTEPH B
rpanugHOM ciioe. CooTBeTcTBeHHO yaepkanue FRC 3aBHCHT OT CBOMCTB 00JIaCTEH CHIIOBBIX JIMHUH KaK 3aMK-
HYTOTO, TaK ¥ OTKPBITOrO NOJsI. Bpems nuddy3um dacTuil HapyxKy U3 0o0beMa, 0YepPUCHHOTO CEMapaTpUCOH,
cocrasmsier T,~a>/D, (a~r/4, Te 1, - USHTPAIBHEIA PaJHyC cermapaTprchl), a D, - XapaKTepHCTHICCKHH KOdd-
¢unuent mupdysun, Takoit kak D, ~12,5 p;., IpudeM p;. MPEICTaBIACT cOO0I THpOpaanyC HOHOB, OLICHHBAC-
MBI B MPHUKJIAIBIBACMOM HM3BHE MAarHUTHOM mojie. B akcnepumentax ¢ FRC, pa3paGoTaHHBIMU B MPOILIOM,
BpeMs T; YACP)KaHUS YaCTHUI] TPAaHIMYHOTO CIIOA, TI0 CYIIECTBY, MPEACTABIIET CO00i BpeMs oceBoro mpobera. B
YCTaHOBHBIIIEMCS COCTOSTHHH OaJIaHC MEKAY PaaUalbHBIMU U OCEBBIMHU MOTEPSIMHU YaCTHUI] JACT JIUHY TPaJIUCH-
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Ta IIOTHOCTH Y CeMapaTpucHl, coctapmsomtyo o~ (D, 1;)"%. Bpemennbie MacimTaGbl yaepxanus dactui B FRC
coctasmsitoT (t,77)"* mnst FRC, pa3spaGoTaHHBIX B IPOILIOM, KOTOPIE HMEIOT CYIIECTBEHHYIO IIOTHOCTh Y Ce-
napatpucsl (cM., Hanpumep, M. TUSZEWSKI, "Field Reversed Configurations," Nucl. Fusion 28, 2033 (1988)).

Jpyrum HemocTaTKOM M3BECTHBIX KOHCTpYKIHi FRC-cucTem OblIa MOTPEOHOCTH B MCIOIH30BAHUH BHEIII-
HUX MYJBTHIONCH I KOHTPOJS HEYCTOWYMBOCTEH BPALICHUS, TAKUX KaK JKEIOOKOBBIC HEYCTOWYHBOCTH, TPH
n=2. TakuM oOpa3oM, THIIMYIHBIE TPHUKIAJABIBAEMbIC M3BHE KBaJPYIOJbHBIC TOJIS oOecreunBanu Tpedyemoe
MarHUTHOE BOCCTAHABIIMBAIOIIEE JABJICHHE U OCTAHOBKM HApACTaHHUS ITHX HEYCTOWYHMBBIX PEXHUMOB. XOTS
STOT METOA MOAXOIUT JUISI KOHTPOJIS YCTOHYMBOCTH TEPMHUUECKOW OCHOBHOMW IIIa3MBI, OH CO3/IaeT CEphE3HYIO
npobiiemy st FRC ¢ Gonbiielt KHHETHUECKON SHEpPTHEH WM yCOBEPIICHCTBOBAaHHBIX ruOpuaHbix FRC, e
3aceJIeHNe BHICOKOKMHETHIECKUMH YacTHUIIAMH C OpOUTaMH OOJBIINX PaANyCOB COYETACTCS ¢ OOBIYHOM TepMU-
YecKoW Ima3Mod. B 3Tux cucreMax MCKa)keHHE OCECHMMETPHYHOTO MArHHTHOTO IO M3-3a TaKUX MYJIBTH-
MOJIBHBIX MOJICH MPUBOIUT K MCKIFOYUTEIBHO OOJBIINM ITOTEPSAM OBICTPBIX YACTHIL 32 CYET OCCCTOIKHOBHUTEIb-
HOW CTOXaCTHYCCKOH MU (Yy3HH, SBISIOMICHCS CISICTBHEM YTPAThl COXPAaHCHUS KAHOHUYCCKOTO KHHETHUECKO-
ro MoMeHTa. TakiuM 00pa3oM, HOBOE pelIeHHUE, 3aKII0YAIOIIEecsi B TOM, YTOOBI 00ECIIeYUTh KOHTPOJIb YCTOHIH-
BocTH Oe3 mHTeHCcUuKaun 1udy3un JTF0O0BIX YaCTHUII, SBISICTCS BaXKHBIM JUIS IMOJyYSHUS IPEUMyIecTBa 00-
Jiee BBICOKOTO TEXHHUYECKOTO MOTCHIIMANA 3TUX KOHICMIUN ycOoBepIIeHCTBOBaHHBIX FRC, He McClieTOBaHHBIX
paHee.

[ToaTOMy B CBETE BBIIIEHU3IIOKEHHOTO JKENATeNLHO YIYUIINUTh yep:KaHue U MOBBICUTH ycToWduBocTh FRC,
yT00BI ncnoap3oBate FRC, paboratomnye B yCTaHOBUBIIEMCS COCTOSHUH, KaK MyTh K [EJIOMY MHOKECTBY IPH-
JIOXKCHUH, BKITFOYasi KOMITAKTHBIE HCTOYHUKH HEHTPOHOB (IS MPOM3BOICTBA M30TOIIOB MEIUIITHCKOTO Ha3HAYe-
HUSI, BOCCTAHOBJICHHE OTPaOOTAaHHOTO SIEPHOTO TOILIMBA, MCCIEIOBAHUN MaTepHajoB, HEUTPOHHOI paanorpa-
¢un 1 Tomorpadun), KOMIAKTHbIE UICTOYHUKH (DOTOHOB (IJIT XUMUIECKOTO TIPOM3BOICTBA M XUMHUIECKOUW 00pa-
OOTKM), CUCTEMBI JUIS Pa3eNeHus 1 000TalleHNs, a TaK)Ke aKTUBHBIC 30HBI PEaKTOPOB UISl CHHTE3a JISTKUX SAIep
C IIETIBEO BEIPAOOTKU SHEPTHH B OYIYIIEM.

PackpsiTHe H300perenus

BapuaHTBI OCYIIIECTBIICHUS TaHHOTO N300pETEHUs, MPEIUIOKEHHBIC 3/IcCh, HATIPABJICHBI HA Pa3padOTKy CH-
CTeM M CIOCO0OB, KOTOpPhIC 00JIeryaroT GOpMUPOBAHKUE M TIOJCPKAHNUC HOBBIX BHICOKOI()()EKTUBHBIX KOH(UTY-
paunii ¢ oopamennsM noseM (FRC). B cooTBercTBuu 310 HOBOI mapagurMoii BeicokodddexruBHoit FRC Ha-
CTOSIIAsE CHCTEMa COYETaeT OrPOMHOE KOJMYECTBO HOBBIX HMICH M CpeAcTB I pe3koro ymyumeHus FRC-
yAepKaHUs YaCTHUIl, SHEPTHH U MTOTOKA, a Takke obecredeHrne KOHTPOJ YCTOWINBOCTH Oe3 HETaTUBHBIX T000Y-
HBIX 3P PEKTOB.

[Ipenmaraemas 3nece FRC-cuctema BKiIrouaeT B ce0sl HEHTPAIBHYIO €MKOCTh [UIS YACPIKaHHS, OKPY)KEH-
HYIO JIByMSI TUaMETPaJIbHO MPOTHBOMOJIOXKHEIMY (POPMHUPYIOIUMH CEKIMSIMU O-TIMHYCH ¢ 00panICHHBIM TI0JIEM
W JIB€ KaMephl IUBEPTOPOB BHE POPMHUPYIOMINX CEKINH, TIPHUEM KaMephl TUBEPTOPOB MIpeIHA3HAYCHBI IS KOH-
TPOJISA TUIOTHOCTH HEUTPAIBHBIX YACTHUIl U 3aTrPA3HEHUS MpUMecsIMH. MarHuTHAs CHCTeMa BKIIIOYAeT B ceOs psin
3epKaIbHBIX KaTyIIEK KBa3HIIOCTOSHHOTO TOKA, KOTOPHIE HAXOAATCS B OCEBBIX MOJIOKEHUAX BIIOJIE KOMIIOHEHTOB
FRC-cucremsl, mpuyeM 3epKaibHbIC KATYIIKA KBAa3UMIOCTOSHHOTO TOKA HAXOMATCS MEXKAY JIFOOBIM TOPIIOM Ka-
MEpHI YACPKaHUS U COCCTHUMH (POPMHUPYIOIIMMHU CEKITUSIMHE, U 3ePKATBHBIC MTPOOKH, COJEPKAIIUC KOMIIAKTHBIC
3epKalbHBIC KATYIIKH KBA3UTIOCTOSIHHOTO TOKA MEXKIY KOKIABIMU 13 (OPMUPYIONIUX CEKIUN U TUBEPTOPOB, KO-
TOpBIC CO3/IAIOT JOTIOHUTEILHBIC HATIPABIISIONIUC MTOJIS JUTS HAI[CTTUBAHUS [TIOBEPXHOCTEH MarHUTHOTO IMTOTOKA K
JTUBepTOPY. POPMHPYIOIHE CEKIIMY BKJIIOYAIOT B ce0s MOIYJIbHBIC UMITYJIbCHBIC (POPMHPYIOIINE CUCTEMEI, KO-
TOpBIC JEeNaloT BO3MOXHEBIM Gopmuposanne FRC Ha MecTe, a 3aTeM ee yCKOpEeHHE M MHXKEKIHIO (=CTaTHIeCcKoe
(dhopmupoBanue THO0 GOPMUPOBAHNE U YCKOPSHHE OJTHOBPEMEHHO (=IMHaAMUYecKoe (popMHupoBaHHUE).

FRC-cucrema BkirodaeT B ce0sl HHYKEKTOPHI ITYYKOB HEUTPAILHBIX aTOMOB W MHXKEKTOP Ta0yeTok. B on-
HOM BapHaHTE OCYIIECTBIICHHUS HHKXEKTOPHI ITyYKOB HAKIIOHEHBI JJIS1 MEDKEKITNH HEHTPAIbHBIX YaCTHI] K CpeaHEeH
TUTOCKOCTH. Hanmume MHXEKTOPOB ITyYKOB, HAKJIOHEHHBIX K CPEIHEH IUIOCKOCTH, MPH OCEBBIX ITOJIOKEHISIX
MTy4KOB BOJIM3W CPETHEH IUIOCKOCTH yNydIlaeT CBs3b "Mydok-miazma’ maxe torma, korga FRC-mma3ma cokpa-
IIAETCS WK UHBIM 00pa3oM aKCHAJBHO CXKHMACTCSI BO BpeMsl TIEPHOIa HHKCKIMH. B cOCTaB BXOJAT €IIe U CHC-
TEMBI TCTTCPUPOBAHUS, a TAK)KE OCCBBIC IUTa3MEHHBIC MyIIKU. [IpeIyCMOTPEHBI TaK)KE CMEIIAOIIHNE SJICKTPOIBI
JUTS JIEKTPHICCKOTO CMEIICHHUS OTKPBITHIX MTOBEPXHOCTEH MOTOKA.

B mpomecce paGoThl TI00aNbHBIC MAapaMETPhl IUIa3MBI, BKIIOYAIONIUEC B CCOS TCPMHUUECKYIO SHEPTHIO
TUTa3MBI, OOIIHE KOJIMYECTBA YACTHII, PAJNYC ¥ JUIMHY TUTa3MBbl, a TAK)KE MATHUTHBIA IMOTOK SBJISIFOTCS MPaKTHYe-
CKHU TIOCTOSIHHBIMU 0€3 CIazia, B TO BpeMs KakK IMyYKH HEUTPATbHBIX YaCTHUIl HHKCKTHPYIOT B TIa3My, a TaOJICTKU
00eCTIeYnBAaOT MOTIOTHEHNE HAUIeKAITIX JaCTHII.

CucteMsl, croco0bl, TPU3HAKKA U TIPEUMYIIECTBA NU300peTeHUsT OYAYT WIIM CTAaHYT OYECBHIHBIMH JUIS CIIe-
[UacTa B 00IaCTH TEXHUKH IOCTE M3YUEHHS HIDKECIEeIYIOINX depTexkeil u monpobHoro ommcanus. [lompa-
3yMEBaeTcs, 9TO ATO OIMMCAHUE PACIPOCTPAHACTCS HA BCE TaKWE JTOTIONHUTEIBHBIC CITOCOOBI, MPU3HAKK U IIpe-
MMYIIIECTBA, KOTOPhIE HAXOIATCA B paMKax oO0beMa MPUTA3aHHH M300peTeHHs W MOANAJAIOT IMOJ 3alIUTy IO-
CpEICTBOM mpuiaaraeMoi Gopmyiel nu3o0pereHus. Taxke moApa3yMeBaeTCs, YTO U300PETEHUE HE OTPaHUIHBA-
eTcst TpeOoBaHUEM 0053aTEILHOTO HATMYHUS BCEX MOAPOOHOCTEH BO3MOKHBIX BAPHAHTOB OCYIIICCTBIICHHUS.
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Kpartkoe onucanne yepre:xei

[Tpunaraemble 4epTexy, KOTOPBIE BKIIOYEHBI B IaHHYIO 3asBKY KaK €€ 4acTh, WIIIIOCTPUPYIOT MPEAIIOUTH-
TENBHBIA B HACTOAIIEE BPEMS BAPHAHT OCYILECTBICHUS M HapsiAy ¢ OOIIMM ONMCAaHUEM, M3JI0KECHHBIM BBIIIE, U
HOAPOOHBIM OIMCAHUEM TNPEAIIOYTHTEIFHOTO BapHaHTa OCYILIECTBICHNUS, IPUBOJUMBIM HIDKE, CIYXaT Ul MO-
SCHEHUsSI IPUHINIIOB IaHHOTO U300peTeHNs ¥ 00YICHUS ITUM MPHUHIUIIAM.

®ur. 1 wumocTpUpyeT yaepkanue yacTull B npeanaraeMoil FRC-cructeme B BRICOKOI(DPEKTUBHOM PEXHU-
Me FRC 1o cpaBHeHHI0 ¢ 00bI9HBIM peskuMoM FRC 1 10 cpaBHEHHIO C APYTUMHU SKCIIEPUMEHTAMH ¢ OOBITHBIMHU
FRC.

@ur. 2 ummocTpupyeT KoMnoHeHTsl npegnaraeMoit FRC-cuctemsl u marautnoit tononoruun FRC, nony-
yaemoii B mpeqiaraemoit FRC-cucteme.

@ur. 3A wunocTpupyeT 6a30Boe cxeMy pacnosoxkeHus: npemiaraeMoil FRC-cucrembl Ha Buze cBepxy,
BKJIIOYAsl MTPEATIOYTHTENLHOE PACIION0KEHHE MYYKOB HEHTpPAIBbHBIX YaCTHII, HICKTPOJOB, IUIa3MEHHBIX IYyIICK,
3epKaJIbHBIX TPOOOK U MHXXEKTOpa TalJICTOK.

Our. 3B mwumocTpUpyeT HEHTPalbHYI0 €MKOCTh Ul YAEp’KaHWS Ha BUJE CBEPXY M IOKA3bIBAET MYYKH
HEWTPaJIbHBIX YacTH, PACIOJIOKEHHbIC O] MEHBIINM YIJIOM, YeM IpPAMON K TJIaBHOM OCH CHMMETPHH IICH-
TpalbHON EMKOCTH ISl yAEPKAaHUSL.

Our. 3C WLTIOCTPUPYET LEHTPAIbHYIO €MKOCTb Ul YAEP’KaHUS Ha BUJAE CBEPXY U INOKA3bIBACT IyYKH
HEWTPaJIIbHBIX YaCTHIl, PACHOI0KEHHBIE IO MCHBIINM YTJIOM, YeM NPSIMOH K TTaBHOW OCH CHUMMETpPHH IICH-
TpalbHON €MKOCTH I YACPKaHUS, U HAIIPABICHHBIE C BO3MOXKHOCTHIO MHKEKIIMHU YAaCTHI[ K CPEIHEH IIIOCKO-
CTH LIEHTPAJIbHOM EMKOCTH TS yICpKaHHUs.

®ur. 4 uamIOCTPUPYET CXeMaTHYECKOE N300pakeHHE KOMIIOHEHTOB CUCTEMBbl MMITYJIECHOTO MHUTaHMS JUIS
(hOpMHPYIOLTNX CEKIHH.

®ur. 5 WUTIOCTPUPYET N30METPUUECKOE N300pakeHHE OTACIEHOTO (POPMHUPYIOIIEro MOl UMITYJILCHOTO
MUTaHHUS.

®ur. 6 WUTIOCTPUPYET U30METPHIECKOE N300paskeHne y311a GOPMHUPYIOMINX TPYO.

@ur. 7 WITIOCTPUPYET U30METPUUECKOE N300paKCHNE B YACTUIHOM CEUEHHU CHCTEMBbI IIy4YKOB HEHTpallb-
HBIX YaCTHUI] U KJIFOYEBBIX KOMIIOHEHTOB.

@ur. § WLTIOCTPUPYET U3OMETPUIECKOE H300paXKEHUE CPEJICTB TCHEPUPOBAHNUS ITyYKOB HEHUTPAIbHBIX Ua-
CTHI] Ha KaMepe yAepKaHuUsL.

@ur. 9 WUTIOCTPUPYET U30METPUIECKOE N300paKEHHE B YACTUYHOM CEUCHUH MPEAIOYTUTEIBHOTO PACIIO-
noxxeHus cucteM Ti- u Li-rerrepupoBaHusi.

@ur. 10 wuTIOCTPUPYET U30METPUIECKOE N300pakeHHE B YACTUYHOM CEUEHHUH IIJIa3MEHHOI ITyIIKH, ycTa-
HOBJICHHOH B Kamepe JuBepTopa. Tarke MOKa3zaHbl COOTBETCTBYIOIIAs MarHWTHAS 3€pKajbHas Mpoda W dIieK-
TPOIHBIH y3eJ JUBEpTOpa.

@ur. 11 wuIOCTpUPYET NPEANOYTUTEIBHYIO CXEMY PACHOJIOKEHUS KOJIBLEBOTO IEKTPOJa CMELICHHS Ha
OCEBOM TOpLE KaMephl yAep KaHUsI.

@ur. 12 wiarocTpupyeT BOJIOLUI0 paguyca uckmouaemoro noroka B FRC-cucreme, nojryueHHOTO UCXO-
ISl U3 paja Hapy)XHBIX JUAMarHUTHBIX KOHTYPOB B JIBYX (POPMHUPYIOIIMX CEKIUSX O-TMHYEH ¢ oOpameHHBIM
MOJIEM M MarHWUTHBIX 30HZOB, 3a[CNAHHBIX BHYTPH LEHTPAIbHON METAJUIMYECKOW KaMepsl yIepskaHus. Bpems
U3MEPSIETCS] C MOMEHTA CHHXPOHH3UPYEMOT0 00paIeH s TI0JIs B UCTOYHHUKAX It JOPMHUPOBAHHMS, & PACCTOSHUE
Z 3a1a€TCsl OTHOCUTENIFHO OCEBOM CpeHEel MII0CKOCTH MalIUHBI.

@wur. 13 (a)-(d) WuTIOCTPUPYIOT JaHHBIE, IMOJYYCHHBIE B Pe3yJbTaTe HEMOMIEPKUBAEMOTO pa3psjaa B Xa-
paktepHoM HeBbicokodhdexTnBHOM pexkume FRC nHa mpemmaraemoit FRC-cucteme. Kak QyHkmmm BpemeHH
TOKa3aHbl: (a) pamInyc UCKII0YAeMOro TIOTOKa B cpenHelt miaockocty; (b) 6 Xopa JIMHEHHO-HHTETPATBHOH IIJI0T-
HOCTH U3 HaXOMAIIErocs B cpeqHel IIockocTH nHTepdepomerpa aist onpenenenus conepxkanus COy; (¢) paau-
aJIbHBIC TIPOQIIN pacTpeielICHUs] INIOTHOCTH, MHBEPTUPOBAaHHEIE 10 AQEIto, 10 TaHHBIM HHTepdepomeTpa st
omnpeznenenus coaepxxanus CO, u (d) moiHas TemrepaTypa IIa3Mbl HCXOs U3 OaaHca TaBJICHHUS.

@ur. 14 wumoctpupyeT oceBble IPO(WIN HCKIIOYAaEMOro MOTOKa B BEIOpaHHBIE MOMEHTBI BPEMEHH IS
OJTHOTO M TOTO ke pa3psiaa u3 npemnaraemMoir FRC-cucremsl, nokazaHHoi Ha ¢wur. 13.

@ur. 15 ummocTpupyeT U30METpHIECKOe H300paKEHHE OTKIOHSIONINX KaTyIIEK, YyCTAHOBICHHBIX CHapY-
KM KaMepBbl YACPKAHUSL.

®ur. 16 nnmoctpupyet Koppenanuu BpeMeHn ku3Hi FRC u nTeTbHOCTH UMITYIbCOB HHKEKTHPYEMBIX
MyYKOB HEWTpaslbHBIX YacTHL. Kak mokaszaHo, OoJiee [UIMTEIbHBIE UMITYJIbCHI ITyYKa JAl0T OOJIbIee BpeMs JKU3-
uu FRC.

®ur. 17 wunoCTpUpyeT WHAWBUIYATbHBIE W COBOKYIHBIE BO3JCHCTBUS pasHbIX KommnoHeHToB FRC-
crcTeMbl Ha paboune xapakrepuctuku FRC n noctiskenne BEICOKOI()EKTHBHOTO pexXHUMa.

Our. 18 (a)-(d) WuIOCTPUPYIOT AaHHEIE, NOIYYSHHBIE B PE3YNIbTaTe HE HEIOIIEPKUBAEMOT0 paspsja B
xapakTepHoM BeicokodddexTrnBHOM pexxume FRC Ha npemnaraemoit FRC-cucreme. Kak ¢yHkiun BpeMeH# mo-
Ka3aHbl: () paguyc MCKII0YaeMoro MoToKa B cpenHel miockocty; (b) 6 Xxop IMHEHHO-MHTETpaIbHOM IJIOTHO-
CTH W3 HaxOJsIIErocst B CpPeIHEH IUIOCKOCTH MHTepdepoMeTpa [yl onpeaeieHus coaepxxanus CO,; (c) paau-
aJIbHBIC TPOQMIN paclpeeicHUs] INIOTHOCTH, MHBEPTHPOBAaHHEIE 10 AQeIto, 1o JaHHBIM HHTepdepomeTpa st
onpenenenus conaepxkanns CO, u (d) moHas Temmneparypa 1ia3Mbl HCXOS U3 PaBEHCTBA JaBICHUM.
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Our. 19 mnmocTpupyloT yaepkaHue motoka kak gynkuuto temneparypsl (T,) anekTpoHOB. OTO maer rpa-
(mueckoe mpeacTaBIeHHE O BHOBb YCTaHABIMBAEMOM PEXHMME MacIITa0MPOBaHUS, KOTOPBIH NPEBOCXOIHUT U3-
BECTHBIC JUTSA Pa3psaoB B BeIcOKodhhekTrnBHOM peknme FRC.

Our. 20 muttoctpupyet Bpemst xku3Hu FRC, cooTBeTCTBYIONIE [UIMHE UMITYJIbCa HEHAKIOHHBIX U HAKJIOH-
HBIX HHXEKTUPYEMBIX IIyYKOB HEHTPAIbHBIX YACTHII.

CrenyeT OTMETHTb, YTO YEPTEKH HEOOS3aTENbHO BEINOIHEHB! B MacIITabe M 4TO JIEMEHTHl aHATOTUYHBIX
KOHCTPYKLHMH MiIu QYHKIMH B 00IIeM ciiydae 0003HaUCHBI OJMHAKOBBIMH MO3UIMAMHI Ha BCEX YEpPTEXKax B Lie-
Js1X wuttocTpanuy. CiegyeT TakkKe OTMETUTb, ITO YSPTEXKH NMPEJHA3HAUCHBI TOJIBKO ISl OOJICTYEHHS OIMCAHUS
Pa3NMYHBIX BApUAHTOB OCYLIECTBIICHHS, O KOTOPBIX 3/1€Ch UIET peub. Ha ueprexax He 00s3aTeNIbHO ONMCHIBACT-
Csl KaXIBIH acHeKT NpelaraeMblX 371eCh HJIEH, M 4epTe)KH HE OrPaHMYMBAIOT OOBEM IPHUTI3aHHUH COTJIACHO
(dhopmyre nuzoOpeTeHus.

IMoapo6Hoe onucanue

Hacrosimue BapuaHTbI OCYILECTBICHUS, IPEUIOKEHHBIC 3/IECh, HAPaBJICHBI HA pa3paboTKy CHCTEM H CHO-
co00B, KOTOpBIe 00JeryaroT GopMUpOBaHKE U NOACP)KaHUE BEICOKOA(P(EKTHBHBIX KOHPUrypanuii ¢ oOparieH-
HbeM nosieM (FRC), nmpugaBas uM NpeBOCXOIHYIO YCTOMYMBOCTB, a TAaKXKe NIPEBOCXONHOE yAEep)KaHUE YACTHIL,
JHEPTUU U MOTOKa, o cpaBHeHUIO ¢ 00bIYHBIMU FRC. Takue BeicokoaddekruBabie FRC obecmeunBaior myTh K
[IEJIOMY MHOXECTBY NPUIIOKEHUH, BKIIIOYasi KOMIAKTHBIC HCTOYHUKH HEHTPOHOB (A1 IPONU3BOJCTBA N30TOIOB
MEIUIMHCKOTO HAa3HAYCHHUS, BOCCTAHOBJICHHE OTPAOOTaHHOTO SIEPHOTO TOIUIMBA, MCCIEAOBAHUI MaTepHaJoB,
HEUTpOHHOU paguorpaduu U ToMorpadun), KOMIAKTHBIE HCTOYHUKHA (OTOHOB (M1 XUMUIECKOTO TIPOMU3BOICT-
Ba M XMMHYECKON 00pabOTKM), CUCTEMBI JJISl pa3jielIeHHsT M30TONOB M O0OTAIlleHHs, a TaKKe aKTUBHBIC 30HBI
PeaKkTopoB Il CHHTE3a JIETKHX SJEp C IeIbI0 BEIPA0OTKH SHEPTHH B Oy IyIIEM.

UroOBbI OLEHNTH, CYLIECTBYET JIM pexkuM yaepxanus B FRC, npeBocxoasmmii M3BeCTHBIE, UCCIIEIOBAHbI
pa3nuyHbIe BCIIOMOTATEJIbHBIE CUCTEMBI M pabodne peXXUMBbl. DTH YCHIIHS MPUBEIH K BaYKHBIM HAYIHBIM OTKpBI-
TUSIM U pa3paboTke nmapaaurMel Beicokodddexrusaoit FRC, onmceiBaeMoii 31eck. B cooTBeTcTBUM € 3TOH HOBOM
napagiurmMoii TaHHBIE CHCTEMBI U CIIOCOOBI COUETAIOT OTPOMHOE KOJIMYECTBO HOBBIX MJCH M CPEICTB I PE3KOTO
ynyumenus ynepxxanus FRC, kak wmoctpupyercs Ha ¢ur. 1, a Takke 00ecreduBaloT KOHTPOJIb YCTOWIUBOCTH
0e3 HeraTUBHBIX MOOOYHBIX 3P dekToB. Kak moapoOHee paccMaTpuBaeTcst HUXKe, Gur. 1 WIUTIOCTpUPYET yaepka-
aue gactui B FRC-cucteme 10, onmceiBaeMoit Hike (cM. ¢ur. 2 u 3), paboTtaromeii B COOTBETCTBUH C BEICOKO-
b dexTuBHBIM peskmoM FRC npu dopmuposanus u nmomnepxkannu FRC, mo cpaBHeHHIO ¢ pabOTOH B COOTBET-
CTBHU C OOBIYHBIM PEXUMOM IIpU GOpMHUpPOBaHUHK U moaepxkanun FRC 1 o cpaBHEHUIO ¢ yaep)KaHUEM YacTHIL
B COOTBETCTBHH € OOBIYHBIMH pexruMamu (opMupoBanus u nogaepxanus FRC, ncrnons3yeMbIMu B Ipyrux 3Kc-
nepuMeHTax. B HacTosmeM pacKpbeITHH OyAyT NpHBeAEHBI 00Iee W MOAPOOHOE ONMCAHUE HOBBIX OTAEIBHBIX
komroHeHTOB FRC-cuctems! 10 1 crmoco0oB, a Takke UX COBOKYITHBIC A(PPEKTHI.

Onucanne FRC-cuctemst.

BakyymHas cucrema.

@ur. 2 n 3 nokaspIBalOT cxeMaTHyeckoe n3oobpaxenue npemnaraemoit FRC-cucremst 10. FRC-cuctema 10
BKJIIOYAET B ceOs LeHTpaIbHy0 eMKocTh 100 st ynepskaHus, OKpYKEHHYIO ABYMs THaMETPaIbHO MPOTHBOIIO-
J0XXHBIME (hopmupyromumMuy cekuusiMu 200 O-nmHuei ¢ oOpalieHHbIM [0JIeM, U BHe popMupyomux cexuii 200
nBe kamepbl 300 nuBEpTOPOB Ui KOHTPOJS IUIOTHOCTH HEHTPAIBbHBIX YACTHI[ M 3arpsi3HEHUS] IPUMECSIMU.
IIpennaraemas FRC-cuctema 10 Oputa mMocTpoeHa Tak, 4TO OHA MPUCIOCOOJIEHA K CBEPXBBICOKOMY BaKyyMy H
paGoTaeT IpH THIHYHBIX HauambHBIX HaBieHuax 10 Topp. Takue BakyyMMeTpHUecKue NaBIeHHs TPEOYIOT HC-
MOJIb30BaTh CTHIKOBOYHBIE (DIIAHIIBI CIIAPEHHOM OTKAYKM MEXKIY CTBIKYEMBIMH KOMIIOHEHTAMH, METAIIIMICCKUE
KOJIbIIEBBIC YIUIOTHEHMSI, BBICOKOUHCTBIE BHYTPECHHUE CTCHKH, a TAKXKe TIIATEIbHOEC HA4YalbHOE KOHAUIMOHUPO-
BaHME MOBEPXHOCTEH Bcex Aeranieil mepen cOOpKoOH, Takoe Kak (pu3MuecKas M XMMHYECKasl OYMCTKA C IOCIe-
JIYIOLMMH BaKyyMHOH CyHIKOi B TedeHue 24-x gyacoB npu 250°C 1 04MCTKOM TIEIOUINM pa3psaoM B BOJOPOJE.

Dopmupytromue cekmum 200 O-muHYEH ¢ OOpameHHBIM TOJIEM MPEACTaBISAIOT COO0OW CTaHIapTHBIE 0-
nuHYK ¢ obpameHHbM nosieM (FRTP), xoTst 1 ¢ ycoBepuieHCTBOBaHHON (POPMHUPYIOLIEH CUCTEMOI UMITYJIbCHO-
TO IIMTaHUs, NOJAPOOHO paccMaTpuBaeMoil Hxke (cM. dur. 4-6). Kaxxnas ¢popmupyromas cexuunst 200 BbITOTHEHA
W3 CTAHJAPTHBIX HENPO3PAauyHBIX KBapLEBBIX TPYO MPOMBINIIEHHOTO KadecTBa, 00aalomuX Takoi 0coOeHHO-
CTBIO, KaK HaJM4YHMe BHYTPEHHEH (DyTEpOBKH N3 CBEPXUHMCTOTO KBapia TonmmHol 2 mm. Kamepa 100 yneprxkanus
BBITIOJTHEHA U3 HEPIKaBeIOIIeH cTali, 00ecreyrBas MHOKECTBO PalaIbHBIX M TAHT€HIMAJIbHBIX OTBEPCTHH; OHA
TaKKe CIYXHT B KAYECTBE CPEJCTBA COXPAHEHNUS IIOTOKA BO BPEMEHHBIX paMKaxX 3KCIIEPUMEHTA, OMHCHIBAEMOT0
HIDKE, U OTPAaHNYMBAET ObICTPbIC MAarHUTHBIE MIEPEXOIHBIC IPOIECCH. BakyyMBbl CO30at0TCS M TTOACPKHUBAIOTCS
B nipeaenax FRC-cuctemsr 10 ¢ moMomipio Habopa 6e3MaciITHBIX CIMPATBHBIX (OPBaKYyMHBIX HACOCOB, TypOO-
MOJIEKYJISIPHBIX HACOCOB U KPHOHACOCOB.

MarnuTHas cucTema.

Ha ¢wur. 2 u 3 nimmoctpupyetcs marautHas cuctema 400. Ha ¢ur. 2 cpeau mpodanx KOHCTPYKTHBHBIX OCO-
OeHHOCTEel MLTIOCTPHUPYIOTCs poduin MarHUTHOrO notoka u ioTHocTH FRC (kak ¢yHKIMM panuanbHBIX H
oceBBIX KoopauHat), cBoiicTBeHHble FRC 450, cozmaBaemoii nocpenctBom FRC-cuctemsr 10. Otu npoduim
MOJIYYaroTCsl METOJIOM JBYMEPHOTO YHCIEHHOTO MOJECIMPOBAHUS ITOCPEICTBOM MarHUTOTHIPOINHAMHYECKOTO
(MI'1) renepatopa Xoia ¢ HCHOJIB30BaHUEM KO/, pa3pabOTaHHOTO AJIs1 MOAEIMPOBAHUS CHCTEM H CIIOCOOOB,
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cootBercTByromux FRC-cucteme 10, u X0poIo cormacyroTcsl ¢ 3KCIIEPUMEHTAIbHBIMU JaHHBIMH H3MEPEHUM.
Kak Bugno Ha ¢dur. 2, FRC 450 cocTout n3 Topa CHIIOBBIX JIMHUHA 3aMKHYTOT'O HOJISI BO BHYTPEHHEM IPOCTPaH-
ctBe 453 FRC 450 B npenenax cenaparpuchl 451 1 KOJBIEBOTO TPAHUIHOTO CJIOST 456 Ha MarHUTHBIX JIMHUSX
452 OTKPBITOTO TIOJISI CHAPYKH OT cenapaTpuchl 451. ['pannunbiii cioit 456 cxomutcs B cTpyn 454 3a ipenenaMu
mHabl FRC, obecrieunBast eCTECTBEHHBIN TUBEPTOP.

I'maBHast MmarauTHas cucteMa 410 BrrouaeT B ceOs psin karymiek 412, 414 u 416 KBa3UMOCTOSHHOTO TOKA,
KOTOpBIE HaXOJATCS B OCEBBIX IOJIOKECHHSIX BIOJb KOMIOHEHTOB FRC-cucremsr 10, T.e. Bmomb kamepsl 100
yaepxanus, popmupyromux cexiuii 200 u quBepropos 300. Karymku 412, 414 u 416 kBa3UMOCTOSIHHOTO TOKa
3aIUTaHbl TOCPEJCTBOM MMITYJIbCHBIX HCTOYHMKOB NMHUTaHMS KBa3HIIOCTOSHHOTO TOKA M CO3JAI0T 0a30BBIC Mar-
HUTHBIE TOJIS1 cMeleHnst ¢ uaaykiueil npumepHo 0,1 Tir B xamepe 100 ynepskaHus, GOPMHUPYIOMINX CEKIMIX
200 u gusepropax 300. [Tomumo karymiek 412, 414 u 416 kBa3UMOCTOSIHHOTO TOKA IJIaBHAsi MarHUTHAs! CUCTEMa
410 Bxirouaer B ce0s 3epKasibHble KaTymku 420 KBa3WIIOCTOSIHHOTO TOKA (ITUTaeMbIe ITOCPEICTBOM HMITYJIbC-
HBIX MCTOYHHUKOB NMUTAHU) MEXIy JI0ObIM TopuoM Kamepbl 100 ynepskaHus M coceHUMH (pOPMHUPYIOIINMH
cexuusivu 2 00. 3epkanbHble KaTyKH 420 KBa3UIIOCTOSIHHOTO TOKA 00ECIEYMBAIOT KOI(PGHUIMEHTH! OTPaKESHHS
MarHUTHOTO 3epKajia 0 5 1 00ecrneuynBaloT BOZMOXKHOCTh HE3aBUCHMOTO BO30YXKACHUS JJIsI KOHTPOJIA TpHIa-
HUsl paBHOBecHOU (popmbl. Kpome Toro, Mexay KaxkabIMH W3 Gopmupyronux cekmuii 200 u qusepropos 300
pacmnoiokeHsl 3epkanbHbie poOku 440. 3epkanbHbie MpoOku 440 comepikaT KOMITAKTHBIC 3€PKaTbHbBIE KATYIIKH
430 KBa3WIIOCTOSTHHOTO TOKa W 3epKaJIbHbIe MPOOOUYHbIe KaTymkH 444. 3epkaibHble KaTymku 430 KBa3HUIIOCTO-
STHHOTO TOKa BKJIIOYAIOT B ce0s TpH Katymku 432, 434 u 436 (muTaeMble MOCPEICTBOM UMITYJIbCHBIX UCTOYHH-
KOB ITUTAaHHUSA), KOTOPBIE CO3IAIOT JOTIOHUTEIHHBIC HATIPABIIIIONINE OIS ISl HAI[eTUBAHUS IIOBEpPXHOCTEN 455
MarHMTHOTO ITOTOKa 10 HAaNpaBJICHUIO K KaHaTy 442 Majoro 1uaMeTpa, NpoXoIsIieMy CKBO3b 3epKaJIbHBIE ITPO-
6ounble KaTynku 444. 3epkanbHble MPoOOYHbIE KaTyIIKK 444, KOTOpble 0OBHBAIOT KaHal 442 Majoro quaMmerpa
Y TINTAIOTCS TIOCPEICTBOM MMIYJIBCHBIX CHIIOBBIX LC-cXeM, CO3/1at0T CHIIbHBIE MOJIsI MArHUTHOTO 3epKajla ¢ MH-
nykiued 1o 4 Tn. Hasnaduenue Bcel 5TOM KOHCTPYKIMHU M3 KaTyIIeK 3aKIIFOYaeTCsl B TOM, YTOOBI IFIOTHO YBSI3bI-
BaTh W HAIPABJIATH OBEPXHOCTH 455 MAarHUTHOTO IMMOTOKA U TEKYIIUE K TOPILY CTPYH 454 I1a3Mbl B OTIAICHHBIC
kamepsl 310 musepropoB 300. U, Hakorel, cHapyxu kamepsl 100 ynepkanus pacrnosioxeH Habop "anteHH" 460
Ha OCHOBE OTKJIOHSIONTUX KaTymiek (cM. ¢ur. 15), mpuyuem 1o aBe ¢ KaXI0W CTOPOHBI CpeHEH MITIOCKOCTH, KO-
TOpBIE MUTAIOTCS IMOCPECTBOM UCTOYHUKOB IMUTAHUS MOCTOSTHHOTO Toka. KoHdurypamnus anrenH 460 Ha oCHOBE
OTKJIOHSTIOIINX KAaTYIIEK MOYKET OBITh BBHIMIOJIHEHA TaK, YTOOBI OOECIIEYNTh KBA3MCTATHIECKOE MArHUTHOE IH-
MOJILHOE WJIH KBaJpyIoJibHOE ToJie ¢ mHAYKIHer mpuMepHo 0,01 T mist KOHTPOIISI HEYCTOMYNBOCTEH BpameHus
W/WITM KOHTPOJIS DJIGKTPOHHOTO TOKa. AHTeHHBI 460 Ha OCHOBE OTKJIOHSIONINX KaTyIIEK MOTYT THOKO o0ecrieun-
BaTh MarHUTHBIE IOJIS, SBJISIOIINECS MO0 CUMMETPUYHBIMH, JTH0O aCHMMETPUYHBIMH OTHOCHUTEIBEHO CpeIHEH
TUTOCKOCTH MAIIIMHBI, B 3aBUCHMOCTH OT HAIIPABIICHUS MPUKIIAIBIBAEMBIX TOKOB.

dopmupyromue CUCTEMBI UMITYJILCHOTO MTUTAHMSI.

Dopmupyromue cucteMbl 210 UMIYIBECHOTO MUTAHHS PAOOTAOT MO MPHHIUITY MOAH(DHUIIMPOBAHHOTO O-
nuHYa. MIMeroTcst 1Be cHcTeMbl, Kax1ast U3 KOTOPBIX MUTAET oHy U3 ¢opmupyronux cexuuit 200. Ha dur. 4-6
WUTIOCTPUPYIOTCSI TIIaBHBIE COCTABJIAIONINE OJIOKK M pacroioxenue popmupytomux cucrem 210. Cucrema 210
(hopMHpOBaHUS COCTOUT M3 MOIYJIEHONH KOHCTPYKIIMU MMITYJILCHOTO IIMTaHMUS, KOTOpast COCTOUT M3 OTAEIBHBIX
6stoxoB (Momyneit) 220, KaXIbI U3 KOTOPBIX BO30YXkmaeT momHabop karymek 232 (monsecok) y3ma 230 mon-
BECKH, KOTOpPbhIe OOBUTHI BOKPYT (hOpMHpPYIOMHX KBapIieBbIX TpyO 240. Kaxaerii Mmomynb 220 COCTOUT W3 KOH-
JeHcatopoB 221, HHAYKTOPOB 223, OBICTPOACHCTBYIONIMX CHILHOTOYHBIX TIepeKIrtouaTeseid 225 u CBSI3aHHBIX C
HUMU cxeM 222 3amycka u 224 copoca 3apsanga. Kaxnmas hopmupyromas cuctema 210 3amacaeT eMKOCTHYIO SHEp-
ruto B auanazone 350-400 x/x, kotopast odecrieunBaet g0 35 ['BT MontHOCTH 1151 hOPMHUPOBAHUS M YCKOPECHHUS
FRC. KoopnuaupoBaHHas padoTa 3THX KOMIOHEHTOB JOCTHTAeTCsl TIOCPEACTBOM M3BECTHOW CHCTEMBI 3aITycKa
222 wn ynpasnenus 224, koTopas 00ecredrBacT CHHXPOHU3AIMI0 Mexay Gopmupyromumu cucremamu 210 Ha
Kaxnoi opmupyromeit cexipm 200 ¥ MUHUMH3UPYET HEYCTOWYNBYIO CHHXPOHHM3ALHUIO MEPEKITIOYCHUS, Orpa-
HUYHBAs €€ JeCATKAaMU HaHOCEKYH/I. [IpernMyIecTBOM 3TOi MOy IbHOW KOHCTPYKILUH SIBJIAETCS THOKast paboTa:
FRC moxer ObITh (hopMHpOBaHa Ha MecTe, a 3aTeM YCKOpEHa M MHXKEKTHPOBaHA (=cTaTuueckoe (popMHpOBa-
HHE), WM c(hOPMUPOBaHA M YCKOPEHA OJTHOBPEMEHHO (=IMHaMuYecKoe (hOpMHUPOBaHUE).

WHXEKTOPBI TyYKOB HEHTPAIBHBIX YaCTHIIL.

ITyaku 600 He#Tpa bHBIX aTOMOB pa3BepThiBatoT B FRC-cucteme 10, 9T00BI 00€CTIEUNTh HArPEB B BO30Y-
JKICHWE TOKa, a TakKe Pa3BUTHh JaBJIeHHE OBICTphIX dacTull. Kak mokazano na ¢wur. 3A, 3B u 8, oTaenvHbIe
TPaKTHI MYIKOB, conepkamniiue cuctembl 610 u 640 MHXEKIIUN MyIKOB HEHTPATbHBIX aTOMOB, PACIOIOKEHBI BO-
KpyT HeHTpanbHOU Kamepsl 100 ynepikaHus U MHKEKTHPYIOT OBICTphIe YacTHIIB B Th1azMy FRC TaHreHInanbHO
(M MepIEeHINKYISIPHO WU IO TPSMBIM YIJIOM K OCHOBHOW OCH CUMMETPHH MEHTpabHOH eMkoctu 100 ms
yAepKaHUsI) C HEKOTOPBIM MapaMeTPOM TMPHIICITUBAHUS, TaK YTO IeJIeBasi 30Ha 3aXBaTa JIC)KUT B MpeJeliaxX cema-
parpucs 451 (cm. ¢ur. 2). Kaxxnas cucrema 610 u 640 MHXEKIIMK CIOCOOHA MWHXKEKTHPOBATh ITYyYKH HEHTPalIb-
HBIX YacTULl MOIIHOCTBIO 70 1 MBT B muiasmy FRC ¢ sueprusimu yactun B nuanazone mexay 20 u 40 kaB. Cuc-
tembl 610 1 640 ocHOBaHBI Ha MHOTOBIPOYHBIX HCTOYHUKAX BBIACICHUS MOJIOKHUTEIBHBIX HOHOB U TIPeIycMaTr-
PHBAIOT MCIIOJIb30BaHUE TEOMETPHIECKON (POKYCHPOBKH, HHEPIIMOHHOTO OXJIAXKICHHUSI HOHOBBIIEISIONINX pellie-
ToK 1 quddepeHnmansHON oTKauku. [ToMHMO MCTIONIB30BaHUSI Pa3IMYHBIX HCTOYHUKOB IUTa3MbI cUcTeMbI 610 1
640 paznu4garoTcs TJIAaBHBIM 00pa3oM 10 COOTBETCTBHIO MX (PH3UYECKONW KOHCTPYKIIUH COOTBETCTBYIOIIUM MeC-
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TaM UX YCTaHOBKH, IPEIOCTABIISIS BO3MOXHOCTH WHKEKIIMU COOKY U CBEpXY. THIIMYHBIC KOMITOHEHTHI STHX WH-
JKEKTOPOB MMyYKOB HEHTPATBHBIX YACTHIl HILTIOCTPUPYIOTCS, B YACTHOCTH, HA QUTr. 7 mis cucteM 610 HHKCKIIH
cOoky. Kak nmokazano Ha ¢ur. 7, kaxmas oTAelbHas cuctemMa 610 MHKEeKIMH MyIKOB HEUTPaIbHBIX YacTHI] COO-
Ky BKJIFOUaeT B ce0s1 HcTOUHUK 612 BricokouacToTHOH (BY) mia3mMer Ha BXOJHOM TOpIie (3aMEHSIEMBIH AyTOBBIM
HUCTOYHUKOM B cucteMax 640) ¢ MarHUTHBIM 3kpaHoM 614, HakpbeBatomuMm 3T0T Topel. C ucTouHMKOM 612
TUTa3MBI CBSI3aH OJIOK 616, BKITIOYAIOIIWA B ceOs ONTHYECKUH UCTOYHHK MOHOB W YCKOPSIOIINE CETKH, a 3aIop-
HBIHA K1armad 620 pacnoiokeH Mexay 0JIOKOM 616, BKIIOYAOIIUM B ce0s1 ONTHIECKUI UCTOYHIK HOHOB M YCKO-
pSIONNE CETKU, H HelTpanmu3aTopoM 622. OTKIOHSIOMUN MarHUT 624 u cpeacTBo 628 cOpoca HOHOB Pacmoio-
JKEHBI MEXIY HeHTpanuzaTopoM 622 U HaleIuBaOUUM ycTpoiicTtBoM 630 Ha BeIxogHOM Topie. Cucrema oxia-
SKICHHS COAEPIKUT JBE KPUOTEHHBIX XOJOAMIBHBIX MAIIMHBI, IB€ KPUOTEHHBIX NaHenu 634 u koxyx 638 ¢ ox-
JKICHUEM XUAKIM a30TOM. DTa yHHUBEpCalbHas KOHCTPYKIHUS 00eCIeunBacT paboTy B IIMPOKOM JHAIa30HE
napameTpos FRC.

AJbTepHaTUBHOM KOH(pUTypauuei s nHkekTopoB 600 MydKoB HEHTPaJIbHBIX aTOMOB SIBISIETCS KOH(DH-
rypanus, o0ecreunBarolias TaHCHIMAIBHYI HWHXEKIHI0 OBICTphIX dacTul] B FRC-mia3my, HO mon yriiom
MeHbIe 90° OTHOCHTENHHO TJIABHOW OCH CUMMETPHHU IEHTpalbHOW emMkocTu 100 s yaepkaHus. DTH THITBI
OpPHEHTAITMHN WHXXEKTOPOB 615 mydkoB mokazansl Ha ¢ur. 3C. Kpome TOr0o, HHXEKTOPHI 615 MydKOB MOTYT OBITH
OPHUEHTUPOBAHBI TaK, YTO WHXKEKTOPHI 615 MydKkoB Ha OO0 CTOPOHE CPEAHEH TUIOCKOCTH IIEHTPATbHONW €MKO-
cta 100 mns ynepkanus OyAyT WH)XEKTHPOBATh CBOM YACTHIBI K CpeIHEH IIocKocTH. M, HaKOHell, 0CeBoe Io-
JoxeHue dTux cucteM 600 IMydKoB MOKHO BBIOpaTh ONFDKE K CPEIHEH TUIOCKOCTH. DTH ajlbTepHATHBHBIC BapH-
aHTBI OCYIIECTBICHHUS MHXKEKIMH BOILIOMIAIOT "00JIee IIEHTPUPOBAHHBIN" BapUaHT MOTIOTHEHHS, KOTOPHIH obec-
TICYMBACT JYUIIYIO CBSI3b MYYKOB M 0OJIEEe BBHICOKYIO A(P(PEKTHBHOCTH 3aXBaTa MHKCKTHPYEMBIX OBICTPBIX Yac-
T, [ToMHMO 3TOTO B 3aBHCUMOCTH OT YIJIa 1 OCEBOTO TIOJIOKEHHUS 3TO PACIIONIOKEHUE HHXKEKTOPOB 615 mydkoB
obecrieunBaeT 0oJiee HEMOCPEACTBEHHBIN W HE3aBHCUMBIA KOHTPOJIb OCEBOTO YIUTMHCHUS M APYTUX XapaKTCPH-
ctuk FRC 450. HanpumMep, MHXKEKIMS IIyYKOB MOJ MalbM YIJIOM A OTHOCHUTENBHO TTaBHOH OCH CHMMETpHU
YIOMSHYTOW €MKOCTH MpHBEIeT K co3naHnio FRC-11a3Mbl ¢ yBeTHUCHHBIM OCEBBIM YIAJIUHCHUEM W TOHIKCH-
HOM TeMIlepaTypoi, Toraa Kak moaoop "0oiee meprneHauKyIspHOTo" yria A MpUBEACT K TuIa3Me, KOTopast Kopo-
4ye B OCEBOM HAIIPaBICHHUH, HO Topsdee. TakuM o0pa3oMm, yrol A MHXEKIIMA U MECTOITOJIOKEHHE HHKEKTOPOB
615 my4KoB MOKET OBITH ONTUMHU3UPOBAHO JUTS PA3IMUHBIX Iiesiell. B momonHeHne, Takoe peryJupoBaHue yria
YCTaHOBKH M MECTOIOJIOXKECHHS HH)KEKTOPOB 615 MydIKOB MOKET 00€CIIEUNTh IMYYKH ITOBBIIICHHON SHEPTHH (YTO
B o0ImIeM cirydae OiaronpusTHee ISl BO3AEHCTBHUS OOJBIIEH MOITHOCTHIO C MEHBIITUM PACXOXKICHUEM ITyJKOB),
KOTOPBIE JOJDKHBI OBITh HHKEKTHPOBAHHI B O0Jiee ci1adble MarHUTHBIE TOJIS, 9eM ObUTH OBl HEOOXOIUMBI B TIPO-
TUBHOM CIIy4ae JIsl 3aXBaTa TaKUX MYJYKOB. [IpHunHA 3TOTO CBsA3aHA C a3MMYTaJbHOM COCTABIIAIONICH SHEPTUH,
KOTOpast ompeseNnsier MacTad opoUT OBICTPHIX MOHOB (KOTOPBIN OKa3bIBAETCS! IOCTEIEHHO YMEHBIIAIOMINMCS
MO0 MEpEe YMCHBIICHHUS YTila WH)KCKIIMU OTHOCHTEIBHO TTIABHOW OCH CHMMETPHH YIMOMSHYTOH €MKOCTH IMPH TO-
CTOSIHHOW 3Hepruu my4koB). Kpome Toro, HaKJIOHHAsE MHXXEKIUS K CPEIHEH IIOCKOCTH M C OCEBBIMH IOJI0XKeE-
HUSIMH TIYYKOB, OJIM3KUMH K CpelHel IUIOCKOCTH, yJydmiaeT CBs3b "My4oK-muiazMa’ naxe toraa, korma FRC-
TUIa3Ma COKPAIACTCs UIIH HHBIM 00pa3oM CKUMAETCS B OCCBOM HAIPABIICHUH B TCUCHHE MEPUOJIAa HHKCKITHH.

HmxexTop TabIeToK.

Uto0bI 00eCIeYNTh CPECTBO IS MHYKEKIINH HOBBIX YaCTHI[ ¥ TyYIIEro KOHTPOJIA OOIIEero KONNIecTBa Ja-
ctur] B FRC, Ha FRC-cucreme 10 ucnonn3yercst 12-tucTBonbHBIN nHxkekTop 700 Tabmerok (cMm., Hanpumep, .
Vinyar et al., "Pellet Injectors Developed at PELIN for JET, TAE, u HL-2A", Proceedings of the 26th Fusion
Science u Technology Symposium, 09/27 to 10/01 (2010)). ®ur. 3 WITIOCTPUPYET CXEMY PACIIONOKEHUS WH-
xekropa 700 Tadnerok B FRC-cucreme 10. Lnmmunpudeckne tadbnerku (D~1 MM, L~1-2 MM) HHXXEKTHPYIOTCS B
FRC co ckopoctbio B auamasone 150-250 km/c. Kaxknast oTenbHast TabieTka comepskut npumepto 5x 10" aro-
MOB BOJIOPOJ1a, YTO CPaBHUMO C 00mmuM KonmdectBoM dactul] B FRC.

CHCTEMBI TeTTePUPOBAHUS.

XopoIo WU3BECTHO, YTO HEWTPAIBHBIN Ta3000pa3HBIA TalOTeH SIBISICTCS CEPhE3HOU MPOOJIEMON BO BCEX
yIepKUBAIOIUX cucTeMax. [Iporeccsl oOMeHa 3apsiiaMy B PELUPKYISIUH (BEICBOOOXKICHUS XOJIOTHOTO Mate-
puana npuMecell U3 CTCHKH) MOTYT OKa3bIBaTh MMAaryOHOE BO3JICHCTBUE HA yACp:KaHUE SHEPTHU U yacTuil. Kpome
TOrO, JIF00as 3HAYUTEIbHAS TUIOTHOCTh HEHTPATBFHOTO Ta3a HAa TPAaHUIIC WA OKOJIO Hee MPUBEACT K HEMEIJICH-
HBIM TIOTEPSM, [0 MEHBIIEH Mepe, 3HAYUTEIHHO COKPAIIAIONIIM BPEeMs KU3HH MHKEKTHPYEMBIX (BBICOKOIHEP-
TEeTUYECKHX) YaCTHI] Ha OpOUTaX OOJBIIMX OpOHT (TepMHUH "opOuTa OOIBIIOTO paguyca’ OTHOCHTCS K YaCTHIIAM,
uMeromuM opouTsl B pamkax Tomojoruu FRC wim, mo MeHpmeidl mepe, paanychl OpOHT, KOTOpBIE TOpazao
OompIe, YeM JIMHEWHBIN MaciITad TpaJiMeHTa XapakTePUCTUISCKOTO MarHUTHOTO TIOJIs), U 3TOT (DaKT SBIISETCS
naryOHBIM JJIS1 BCEX YHEPreTHYECKUX MPUIIOKECHUH IJIa3MBl, BKITIOYas TEPMOSICPHBIN CHHTE3, U3-3a pa3orpeBa
myJKa.

KonnumoHnpoBaH#ue MoBepXHOCTEH SBISIETCS CPEICTBOM, C IIOMOIIBI0 KOTOPOTO MOKHO OOpOTHCS ¢ Ta-
TyOHBIMH BO3JICHCTBHSAMHU HEHTPALHOTO ra3a U MpUMeced WIH YMCHBIIATE 3TH BO3JICHCTBYS B YICPKUBAIOIICH
cucteme. C 3ol niensio B npeanaraemolt 3neck FRC-cucreme 10 ncnons3yrores cucremst 810 u 822 ocaxxaeHus
TUTAHA W JIUTHUS, KOTOPHIC TIOKPHIBAIOT OOpAICHHBIC K IUIa3Me MOBEpXHOCTH KaMephl 100 ynepkaHus (WM eM-
KOCTH JuIsl yaepkanus) u qusepropoB 300 menkamu Ti w/mm Li (TonmuHa KOTOPBIX COCTABIISCT JECATKH MUK-
POMETPORB). DTHU MOKPHITHS HAHOCATCS METOJaMH OCKACHHS M3 TapoBoi ¢as3el. TBepapiit Li w/wmm Ti ucnaps-
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FOTCSI W/WITH CyOJTUMUPYIOTCS! M HAITBUISIIOTCS Ha OJIM3JIeKaIne MOBEPXHOCTH, 00pa3ys NOKphITHs. VicTouHuKaMu
SIBJISIIOTCSI sICPHBIE TI€YN C HANPaBIIOIMMHU cotutamu 822 (B cimydae Li) unu Harpetsie cdepbl TBEpAOTO Belie-
CTBa C HampaBIAOMUMHU Oanmakamu 812 (B cirydae Ti). Cuctemsl uist uciapenus Li, kak nmpaBuio, paboTaroT B
HENPEPBIBHOM PEKHME, B TO BpeMsl Kak cyOoauMaTops! Ti B OONBIIHHCTBE cllydae paboTaroT B EPEPhIBaX MEKIY
paboToii ¢ mazmMoi. Paboune Temmneparypbl 3TUX cucTeM MpeBhImaroT 600°C 11 moaydeHus: OOJBIITNX CKOPO-
cTei ocaxkaeHus. YToOBI JOCTHYB MPUEMIIEMOTO TTOKPBITHA CTEHOK, HEOOXOANMBI MHOJKECTBEHHBIE CTpaTernie-
CKH JIOKaJIM30BAaHHBIE CUCTEMBI HCTIapeHus W/wmm cyoimManuu. Ha ¢ur. 9 moapoOHO HILTIOCTpUpYETCS Tpen-
nmouTuTeNbHOe pacmonoxenne cucteM 810 m 820 rerrepupoBanus B FRC-cucteme 10. TIokpbITHS NEHCTBYIOT
KaK TreTTepUpyIOIIre MOBEPXHOCTH U 3(P(EKTHBHO OTKAUMBAIOT HEHTpaJbHBIE aTOMBI M aTOMapHbIE HOHBI B Iie-
JIOM, a TaKKe MOJIEKYJISIpHBIE HOHBI M HeHTpanbHble MosteKyisl (H n D) B nesoM. DTH MOKPBITHS TaKKe CHHUXKa-
IOT coJiepKaHKe APYTUX THITUYHBIX IPUMECeH, TaKUe KaK YriepoJ] U KHCIOPOI, 10 HE3HAUYUTEIbHBIX YPOBHEH.
3epKasbHbIE IPOOKH.

Kaxk yxazano Boine, B FRC-cucreme 10 npumenstoTcst HA00pHI 3epKasibHbIX KaTyiek 420, 430 u 444, no-
Ka3aHHBIX Ha ¢ur. 2 u 3. [lepBrIii HAOOP 3epKabHBIX KaTymek 420 HaXOIUTCS Ha JIBYX OCEBBIX TOPIAX KaMephbl
100 ynepskaHusi 1 HE3aBHCUMO BO30Y)KIaeTCs OT yIep KUBarOIMX Katymek 412, 414 u 416 rmaBHONW MarHUTHON
cuctemsl 410. TlepBriit HAOOP 3epKaiIbHBIX KaTymek 420 crmocoOCTBYET, TIaBHBIM 00pa3oM, YIIPABJICHHIO U OCe-
BoMmy pacnonoxenuto FRC 450 Bo BpeMss oObequHEHHsI M 00OecCIieYnBaeT KOHTPOJb NMPHUIAHUS PAaBHOBECHOMN
dhopmbl Bo BpeMs nomaepxkanvs. [lepsoiid Habop 420 3epKalbHBIX KATYIIEK CO3/1a€T MarHUTHBIC TOJISI C HOMH-
HaJIbHO OombInel nHAyKIuer (mpumepro 0,4-0,5 To), 4em y HEHTpaIbHOTO YACPKUBAIOMIETO TOJs, CO3/1aBae-
MOTO LIEHTPaJIbHOW yJepKuBaromei katymkoi 412. Bropoit Habop 3epkaibHBIX KaTymiek 430, KOTOPBIA BKITIO-
YaeT B ce0s TPU KOMIAKTHBIE 3epKaJIbHbIe KaTymku 432, 434 u 436 KBa3UIIOCTOSIHHOTO TOKa, HAXOANUTCS MEXIY
dbopmupyromumu cekrpsivu 200 u muBepropamu 300 1 Bo30yKIaeTCsl MOCPESACTBOM OOIIETO UMITYJIBCHOTO HC-
TOYHMKA NHUTaHMA. 3epKanbHble KaTymku 432, 434 u 436 Bmecte ¢ Oojiee KOMITAKTHBIMHA HMITYJILCHBIMH 3€p-
KaJIbHBIMH IPOOOYHBIMU KaTyInkamMu 444 (IMTaeMbIMH MOCPEACTBOM €MKOCTHOTO HCTOYHHKA IMUTAaHKA) U (QU3H-
yeckuM cyxeHueM 442 oOpasyror 3epkaiibHble TpoOku 440, KOTOpble 00ECIeUYnBaAIOT Y3KHH TPAaKT ¢ HHU3KOH
3JIEKTPONPOBOTHOCTHIO Ta3a M MATHUTHBIMH TOJISIMU C OY€Hb BBICOKOW MHIYKTHBHOCTHIO (B muamazoHe 2-4 T
pu BpeMeHax Hapactanus npumepro 10-20 mc). HanGosnee KOMIakTHBIE MMITYJIbCHBIE 3€pKalbHBIC KATYIIKH
444 uMer0T KOMITAKTHBIE paluaibHBIE pa3Mephl - PaCTOYCHHOE OTBepcTHe AuameTpoM 20 CM M aHAJOTHIHYIO
JUTMHY - TI0 CPAaBHEHHUIO C TUIOCKOH KOHCTPYKIMEH, IperyCMaTPHUBAIONICH BBHICBEPIICHHBIE OTBEPCTHS C IUTIOCO-
BBIMH METPUIECKUMH JTOTTyCKaMH OTpaHUIHBAIONINX KaTymek 412, 414 u 416. HaznaueHue 3epKajbHBIX MPOOOK
440 muoro3HadHo. (1) Karymku 432, 434, 436 u 444 mi0THO YBS3BIBAIOT M HATIPABISAIOT MOBEPXHOCTH 455 Mmar-
HUTHOI'O MOTOKA U TEKYILUE K TOpIy cTpyu 454 mia3mel B oTaasIeHHbIe kKamepbl 310 auBepTopoB. ITO MOapasy-
MEBAET, YTO BBIITyCKAaeMbIe YaCTHIBI AOCTUTAIOT nuBepTopoB 300 Hamiexamum oOpa3oM, U YTO MUMEIOTCS T10-
BEPXHOCTH 455 HEmpephIBHOTO TOTOKA, KOTOPHIC CICAYIOT M3 00JacTh 452 JUHUA OTKPBHITOTO IOJIS IIEHTPATb-
Hoit FRC 450 Ha BceM myTH k auBepTopaM. (2) dusndeckue cyxenus 442 B FRC-cucreme 10, uepes koTopsle
ynoMsiHyThle KaTymiku 432, 434, 436 u 444 paroT BO3MOXHOCTb NPOXOJUTH MOBEPXHOCTSIM 452 MarHUTHOTO
MOTOKa U CTPYsAM 454 1uia3mbl, 3aTPyAHSIOT TEUEHHE HENTpanbHOIO rasa u3 Ia3MeHHbIX nyiek 350, KoTopbie
cumaT B auBepropax 300. [TogoOHBIM ke 00pa3zom, cyxeHus 442 MpenoTBpaIIaloT 00paTHOEe TeUeHUE Ta3a OT
dhopmupyromux cexmuii 200 k muBepTopam 300, TeM caMbIM YMEHBIIAas KOJTUIECTBO HEUTPAIBHBIX YaCTHII, KO-
TOpBIe IPUXOAUTCS BBOIUTH BO Bcio FRC-cuctemy 10 B Hagane 3amycka FRC. (3) Ctporo oceBbie 3epkaina, 00-
pasyemble KaTymkamu 432, 434, 436 u 444, yMEeHBIIAIOT OCEBBIC TIOTEPH YACTHII M, TEM CaMBIM, CHIXKAIOT CITO-
COOHOCTPH YacTHI] K MapauIeTbHON TUQ(Y3UH IO CHIIOBBIM JHHUSAM OTKPHITOTO ITOJIS.

OceBble TIa3MEHHBIE MTYIIKH.

INoroku mna3Mel u3 mymek 350, ycTaHoBiIeHHBIX B kaMmepax 310 muBepropos 300, nmpenHa3zHaueHb! I
yIy4IeHus: pabouux XapakTepUCTUK YCTOHYMBOCTH M IIyYKOB HEHTpaibHbIX yacTull. [Tyniku 350 ycraHOBIICHBI
no ocu BHyTpH kKamep 310 musepropos 300, kak mpowsuttocTpupoBaHo Ha ¢wur. 3 u 10, 1 co3aaoT miasmy, Te-
KYILyI0 BIOJIb JIMHUI 452 oTKpbITOrO NoJs B quBepTope 300 u o HanmpaBieHUIO K LeHTpy kaMepsl 100 yaepxa-
Hus. [Tymkn 350 paboTaloT mpy BBICOKOIZIOTHOM I'a30BOM pasps/ic B KaHajle U3 MaKeTa a0 u mpeaHa3HayeHb
JUTS TEHEPHPOBAHUS HECKOIBKUX THICSY aMIlep MOJHOCTHI0 HOHU3UPOBAHHOM ILTa3Mbl B TeueHue 5-10 mc. [Tym-
kr1 350 BKITIOUAIOT B ce0sl MMIYJIbCHYIO MAarHATHYIO KaTYIIKy, KOTOpasi COTIACyeT BBIXOTHOH MOTOK IUIa3MBI C
JKeTaeMbIMHU pa3MepaMu Tu1a3Mbl B kamepe 100 ymepkanus. TexHudeckue mapameTpsl mymiek 350 xapakrepu-
3yIOTCS KaHAJOM, HMEIOIIUM BHEITHUNA auaMeTp 5-13 ¢M m BHyTpeHHU# nuametp ao npumepHo 10 cMm, u obec-
neYnBaroT pa3psanubiii Tok 10-15 kA mpu 400-600 B mocpencTBoM BHYTPEHHETO MarHWTHOTO TIOJS IYIIKH,
MMEIONIET0 MHAYKIMIO B quama3one ot 0,5 no 2,3 T

[ToToku ruta3mMbl U3 MyIIEK MOTYT IPOHU3BIBATH MAarHUTHBIE MOJIS 3epKalIbHEIX IpoOok 440 u Teus B dop-
mupytomyo cexiuio 200 u kamepy 100 ynepkanus. D((eKTHBHOCTh NEpeHoca IUIa3Mbl Yepe3 3epKallbHbIE
npobku 440 yBennunBaeTCsl C YMEHBIIEHHEM PacCTOSIHUS Mexny mymkaMmu 350 u mpobkamu 440, a Taxke c
pacummpenueM U ykopoueHHeM mpobok 440. B mpremieMbIx ycnoBHsaX Kaxnas n3 mymek 350 MoXeT mocTas-
naTh npubIM3KTENBEHO 1072 IPOTOHOB B CEKYHIY Uepe3 3epKalbHbie MPoOKH 440 ¢ MHIYKTHBHOCTHIO 2-4 Tit pu
BBICOKHMX TeMIlepaTypax HMOHOB U DJIEKTPOHOB, COCTaBIAOIMUX mpuMmepHo 150-300 5B u mpumepno 40-50 >B
cootBercTBeHHO. [Iymku 350 obecneunBarOT 3HAYUTENHLHOE TIOMOJHEHHE TpaHuIHOro ciiost 456 FRC u ymyd-
IMEeHHOe o0IIee yaep)kanne qactull mocpeactsoM FRC.
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YToOB!I TOTIOIHUTENIBHO MOBBICHTH INIOTHOCTD TIa3MBbl, MO’KHO OBIIIO OB HCTIOJIB30BATh ra30CcenapaTop s
OTroHa JIOTOJHUTEIBHOTO Ta3a B MOTOK IUIa3Mbl n3 mymkd 350. DToT MeTo obecrieunBaeT yBEJIMYCHUE TUIOT-
HOCTH WHXEKTHUPYEMOM IJIa3Mbl B HECKOJBKO pa3. ['azocemapatop, yctanosineHHbIH B FRC-cucteme 10 Ha 00-
pamenHo# k auBepropaM 300 cTopoHe 3epKabHBIX MPoOOoK 440, yirydiaeT MOTOJIHEHHE TPAHUIHOTO ¢Ios 456
FRC, dopmupoBanne 450 v THHEHHOE CBA3BIBAHUE TIIA3MBI.

3anmaBasich BCEMH PETYIUPYEMBIMH TapaMeTpaMH, PACCMOTPEHHBIMH BBIIIE, a TAKKE YUUTHIBAsS BO3MOXK-
HOCTh Pa0OTHI JHIIb C OJHOW WM OBYMS ITyIIKaMH, JIETKO MOHATH, YTO JOCTYIIEH IIHPOKUH CHEKTP Padodmx
PEKHUMOB.

CMemiaronue 3MeKTPOoIbL.

DJIeKTPUYECKOEe CMEIICHHUE TOBEPXHOCTEH OTKPBITOTO MOJISI MOXKET 00ECIIEUUTh paliaibHbIe TOTEHIHABL, KO-
TOpBIC IPUBOIAT K a3UMyTaJbHOMY ABIKeHHIO, EXB, obecnieunBaromemMy MeXaHI3M YIPaBICHUS, aHAIOTHY-
HBIN TIOBOPOTY PYKOSITKH, JUIS YIIPABICHUS BPALICHUEM JINHCHHOM TIa3MbI OTKPBITOTO IOJIA, a TAKXKE (haKTHUe-
ckoii aktuBHOI 30HO0# 450 FRC mocpenctoM paspbiBa ckopocTu. UToObI 1oCTHYB 3TOTO ynpasieHus, B FRC-
cucreme 10 NpUMEHSIOTCS pa3IMIHBIC JIEKTPOJIBI, CTPATETHYECKH pPa3MEIIEHHbIEC B Pa3IMYHBIX YaCTSIX Malllu-
HBl. OUT. 3 WUTIOCTPUPYET IEKTPOIBI CMEIEHHUS, PACTIONIOKEHHBIE B ITPEANIOYTHTEIILHBIX MECTOIIOJIOKECHUSX B
npenenax FRC-cucremsr 10.

B npunmune, cymectBytotT 4 kinacca 31ekTpooB: (1) Toueunsie anekTpoast 905 B kamepe 100 ynepskanus,
KOTOpBI€ BCTYMAIOT B KOHTAKT C KOHKPETHBIMH CHJIOBBIMH JIMHUAMU 4 52 oTKphITOTO 1oJIst Ha Tpanuiie FRC 450,
obecreunBas JIOKATbHYIO 3apsAaKy; (2) KomblieBbie dekTpoanl 900 Mexny kamepoi 100 yaepxanus u Gopmu-
pytoummu cekuusamu 200, mpenHa3zHauYCHHBIE TS a3UMYTaIbHO-CHMMETPHYHON 3apsAAKH yIAICHHBIX OT IpaHH-
Bl cJ10eB 456 moToKa; (3) MakeThl KOHIIEHTPHUYECKHUX deKTPoa0B 910 B muBepTopax 300 mms 3apsaku MHOXKE-
CTBEHHBIX KOHIIEHTPHUYECKHX CJI0eB 455 MoToKa (BCIIEACTBHE YEro BEIOOPOM CIIOEB MOXKHO YIPaBIIATH ITOCpEN-
CTBOM PETyJMPOBaHMs KaTymiek 416 c 1enplo peryaupoBaHUsl MarHUTHOTO TOJISL JTUBEPTOPOB Tak, 4TOOBI 3a-
BEpIIATh JKeJTaeMbIe CIOU 456 MOTOKa Ha JOJDKHBIX dnekTpoaax 910); u, Hakower, (4) anonsr 920 (cM. ¢ur. 10)
caMuX IUIa3MEHHBIX Iyniek 350 (KOoTopble IepexBaThIBAIOT BHYTPEHHHE ITOBEPXHOCTH 455 OTKPHITOrO MO
oxono cenaparpucsl FRC 450). Ha ¢ur. 10 n 11 nmokazaHbl HEKOTOpbIE THIIMYHBIC KOHCTPYKIUH HEKOTOPBIX
3IEKTPOJIOB.

Bo Bcex cimywasix 3TH 3JIEKTPOABI BO30YKIAIOTCA IOCPEACTBOM HMITYJICHBIX MCTOYHHUKOB MUTAHUS WIIH
HCTOYHHKOB MUTAHUS TTOCTOSTHHOTO TOKa NP HampshKeHusAX nmpumepHo 1o 800 B. B 3aBucumocti oT pasmepoB
3JIEKTPOIOB M MECT, TJIe T¢ IMEePECEKAIOT IOBEPXHOCTH ITOTOKA, OKa3bIBACTCS BO3MOXKHBIM MOTPEOIEHIE TOKOB B
KAJI0AMIIEPHOM JHama30He.

HemonnepxuBaemast pabota FRC-crucTeMBI - OOBIIHBIN PEIKUM.

CranpaptHoe (QopmupoBanue miasmMel B FRC-cucteme 10 crnemyer xopomio pa3zpaboTaHHOMY MeTony O-
nmuHYa ¢ oOpalmeHHbIM moJieM. TurmuuHbld mporiecce 3amycka FRC HaumHaercss BO30yKacHHEM Karymiek 412,
414, 416, 420, 432, 434 u 436 KBa3UIOCTOSTHHOTO TOKA JJIs1 pa0OTHI B YCTAHOBUBIIIEMCSI COCTOSIHUU. 3aTeM ICTIH
UMITYJIbCHOH MOITHOCTH (hopMHpPYIOIUX cucTeM 210 UMITYyJIbCHOTO NMUTAHUS, NpeJHa3HAuYCHHBIC JUIS CO31aHMs
BBICOKOYACTOTHON TEPMHUUYECKOH ITIa3Mbl, BO30YKIAalOT KaTymKy 232 BO30YyKAECHHUS UMITYJIbCHOT'O OBICTPO 00-
palmaeMoro MarHuTHOTO TOJISI, CO3/1aBasi BpeMeHHoe oOparumoe cMmetnenue npumepHo -0,05 Ta B dpopmupyro-
mux ceknusax 200. B aTor MoMeHT B 1Ba hopMHpYyIOIIUX 00beMa, OrpaHNUeHHBIX Kamepamu 240 B ¢hopme KBap-
LEBBIX TPYO (CeBepHOU M 10XHOM) Gopmupyromux cexiuii 200, HHKEKTHPYIOT 3apaHee 3aaHHOe KOJINYECTBO
HelTpampbHOro Taza mpu 9-20 psi (PyHTOB Ha KBajgpaTHBIM MJOHM) dYepe3 MHOXKECTBO a3MMyTajbHO-
OPHEHTHPOBAHHBIX MPOIYBOYHBIX KJIAIIAaHOB BO (pJIAaHIAX, HAXOIAIINXCSA HA BHEIIHHUX TOPUAX (OPMHUPYIOILIIX
ceknuii 200. 3areM n3 Habopa aHTEHH HA MOBEPXHOCTH KBapIeBBIX TPyO 240 TeHEpUPYIOT MOJie Ha MAJIBIX BBI-
COKHMX YacTOTax (~COTHHM KWJIOTEpII), CO37aBas MpeIBapUTEIbHYI0 HOHHU3AIUIO B (hopMme obnacTel JTOKaIbHON
HavYaIbHOM MOHM3ALNH B TPEesiax CTOJIO0B HEHTPAIBHOTO ra3a. 3a 3TUM CIeAyeT IPUMEHEHHUE TeTa-KOIBIEBOH
MOJYJISIIMM K TOKY, BO30yKaaromeMy KaTymku 232 Bo30yXICHHS HMITYJLCHOTO OBICTPO 0OpalmiaeMoro mar-
HHUTHOTO TOJISL, YTO MPUBOJUT K OoJiee 0OIIeH NpenBapuTEIbHON HOHM3AIMU CTOJIOOB rasa. B 3akirouenue, 3a-
MHUTBHIBAIOT OCHOBHBIC WMITYJIECHbIE MCTOYHHUKM NMUTaHUs (popMHpyromux cucteM 210 UMITyJIbCHOTO NMUTAHUS
JUISL BO30OYKICHUS KaTylek 232 Bo30yXIeHNsI IMITYJIbCHOTO OBICTPO 00paIaeMoro MarHUTHOTO MOJIs, CO31aBast
TOJIE C MPSIMBIM CMELICHUEM U WHIYKTUBHOCTHIO 10 0,4 Tn. DTOT 3Tam MOKHO MPOBOAUTH B TaKOH IOCIE0Ba-
TEILHOCTH BO BPEMEHH, YTO IO BCeil UTMHE KBapleBHIX TpyO 240 paBHOMEPHO I'eHEpUpYETCs IOJIE ¢ HPSMBIM
cMeIieHneM (cTaTudeckoe (OPMHUPOBAHUE) WM JTOCTUTAETCS TOCIIEOBaTeNIbHAS NePUCTATBTHICCKAs MOMYIIS-
U TIOJISL BAOJH OCH (hopMHUPYIOMUX TPYOok 240 (auHaMudeckoe GOpMUPOBAHUE).

Bo BceMm aTom mporiecce GpopMupoBaHus GakTHIECKoe oOpalleHue Mo B TuIa3Me MPOUCXOTUT OBICTPO B
mpezenax IpUMEpHO 5 MKC. MHOTOornraBaTtHasi UMIYJIbCHAsE MOIIHOCTE, ITOJBOANMAs K (hOPMUPYEMOIl TIa3Me,
nerko coszmaer ropstane FRC, koTophie 3aTeM HHKEKTHPYIOTCS W3 (dopMupyomux cekmuii 200 mocpencTBoM
MPUMEHEHHUS THOO0 MOCIIEeIOBATENFHO OCYIIECTBIIEMON BO BPEMEHH MOAYJISIIIMK MAarHATHOTO TIOJISL B TIEpEIHEM
MOJIYIIPOCTPAHCTBE (MarHUTHAs MIEPUCTAIBTHKA), TNO0 BPEMEHHO YBEJIMUYEHHBIX TOKOB B MIOCJIEIHEH KaTYIIKE U3
HabopoB 232 KaTylIeK OKOJIO OCEBBIX BHEIIHUX TOPLOB (opmupyronux Tpyo 210 (popmupoBanue oceBoro rpa-
JMEHTa MarHUTHOTO IT0JIsI, KOTOPBI oOpalieH B oceBoM HampasieHnH K kamepe 100 ynepxanus). O6e dpopmu-
pytomue FRC (ceBepHast u roxHast), copMUpOBaHHBIE TAKMM 00pa3oM M YCKOPHUBIIHECS, IOTOM PACIIHPSIIOTCS
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B kamepy 100 yzepskaHus, UMEIOIIYIO OOJBIINI AUaMeTp, TAe KaTymky 412 KBa3HUIIOCTOSHHOTO TOKA CO3/Al0T
TOJIE C TIPSIMBIM CMELIEHHEM ISl YIIPaBIICHUS paJMalibHBIM paclInpeHHeM H o0ecTieueHHs paBHOBECHOTO BHETII-
HET0 MarHUTHOTO ITOTOKA.

Kak Tonbko ceBepHas u toxxHas Gopmupytomniie FRC npuObiBatoT B OKPECTHOCTL CPEAHEH TIOCKOCTH Ka-
Mepsl 100 ynepxkanus, 3T FRC cramkuBaroTcs. OceBble KHHETHISCKUE YHEPTHH BO BPEMS CTOJIKHOBEHHS Ce-
BepHOU 1 10kHOH Gopmupyrommx FRC GompIeit gacTeio TepMann3ytotces, mockoybky FRC, B koHeUHOM cueTe,
obweaunsiroTcs B equayto FRC 450. B kamepe 100 ynepxaHust BO3MOXeH OOJIBIIION HA0Op METOIOB JUATHOCTH-
KM T1a3Mbl 1715 u3ydenus paBHoBecuit FRC 450. Tunmansie padoune ycinosus B FRC-cucreme 10 garoT cocras-
Hyto FRC ¢ paguycamu cenapatpucs! npumepHo 0,4 M 1 0ceBOM MPOTSHKEHHOCTBIO MpUMEpHO 3 M. JlomomHu-
TENBHBIMU XaPAKTCPUCTUKAMU SIBJISIFOTCS BHCIIHHUE MAarHUTHBIC IOJIS ¢ MHIYKTHBHOCTHIO mpumepHo 0,1 To,
IJIOTHOCTH TIJIa3Mbl IPUMEPHO 5%x10" M u momHoi TeMIiepatypoi miasmel 10 1 k3B. Be3 kakoit-mu6o mon-
JIEPKKH, T.€. IPX OTCYTCTBHH HarpeBa W/WiIN BO30Y>KAECHHS TOKa C MOMOIIBIO HHXKEKIMN ITyYKOB HEHTPaIbHBIX
YacTHI WM APYTHX BCIIOMOTATENILHBIX CPEACTB, BpeMs xu3HU 3TuX FRC, T.e. coGCcTBEHHOE BpEeMS BBIACPKHBa-
HUS XapaKTCPUCTHYCCKON KOH(PUTYpALINH, OTPAHUYHBACTCS BETHYUHON MPUMEPHO 1 MC.

DKcnepyMeHTaIbHbIC TaHHBIE HEOAICP)KUBAEMON paOOTHI - OOBIYHBIN PEKHUM.

Ha ¢wur. 12 moka3zaHa THIUYHAS SBOJIIOLUS BO BPEMEHHU PAJUyca I'yg UCKITFOYAEMOT0 MOTOKA, KOTOPBIX arl-
MPOKCUMHPYET PaAHNyC Ty CEMapaTPUCHI, IJIS WIUTIOCTPAIlMH JUHAMHKH HPOHMCXOISINETro B O-HHYE Iporecca
o6beannenns FRC 450. O6a uHANBUIYa bHBIX IIa3MOH/a (CEBEPHBINA U I0)KHBIN) CO3/1AI0OTCSl OJHOBPEMEHHO, a
TTOTOM YCKOPSIIOTCSI, BBIXOJISI U3 COOTBETCTBYIOMUX (popmupyrommx cekiuit 200 co cBepX3BYKOBOW CKOPOCTHIO
v,~250 KM/C, B CTAJIKUBAIOTCS OKOJIO CpeaHel TIOoCKOCTH mpHu z=0. Bo BpeMs CTOJKHOBEHHS TUTa3MOUIBI TIpe-
TEPIIEBAIOT OCEBOE CXKATHE, 32 KOTOPHIM CIEAYyeT OBICTPOE paauaibHOE M OCEBOE paCIIMpEHHE, MPEeXIe UeM, B
KOHIIE KOHIIOB, 00beTUHUTHCS, 00pasys ogay FRC 450. O Hanuuuu Kak paguaibHOHM, Tak U OCEBOM TUHAMHUKH
CBUIETEILCTBYIOT MOPOOHBIE N3MEPEHHS MPOQIIIS TUIOTHOCTH U TOMOTpadus Ha OCHOBE O0JIOMETpa.

JlanHble, TOJIydeHHBIE B pe3yibTaTe HemojaepxkuBaeMoro paspsga, FRC-cuctembr 10 mokazaHbl Kak
¢ynkium Bpemenu Ha ¢ur. 13. FRC uanimupyercst B MoMmeHT t=0. Paanyc MckiroyaeMoro moToka B CpeiHei
BJIOJIb OCH TUIOCKOCTH MAIIMHBI MMOKa3aH Ha ¢ur. 13(a). DT maHHBIC MONYyYCHBI M3 MATPHIBI MATHUTHBIX 30H-
JIOB, KOTOPBIE pa3MeLleHbl YyTh-4yTh U3HYTPH BBHIITOJHEHHOH M3 HEPXKaBEIOIIEH CTaJll CTEHKH KaMephl yJepika-
HUS U M3MEPSIIOT 0ceBOoe MarHuTHoe 1oJje. CTajbHas CTEeHKa SBISICTCS. XOPOIINM CPEJCTBOM COXPAHEHHUS TIOTOKa
BO BPEMCHHBIX paMKaX pa3psia.

Ha ¢ur. 13(b) nokazaHbl JMHEHHO-UHTETPAIbHBIE IFIOTHOCTH, MOJTYYEHHbIE N3 paboTaloIIero no 6 xopaam
naTepdepomerpa s onpeneneHus conepxkanus CO,/He-Ne, pacnionoxernHoro B z=0. C y4eToM BepTHKaIbHO-
ro nepememienns (y) FRC, uaMmepsiemoro nmocpeactsoM OojoMeTpuueckoi Tomorpaduu, naBepcus mo Aoerto
JaeT npoduiau pacnpeneneHus ioTHocTr coryacHo ¢wur. 13(c). [Tocime HEKOTOPOTO OCEBOTO M PaIUATBHOTO
kosnebanuss B TeueHue mepsoi 0,1 mc ycranaBnuBaetcss FRC ¢ HekoTophiM "mOmBIM" mpodmiieM TIOTHOCTH.
OT0T NpoMITE ABNAETCA JOCTATOYHO TUIOCKUM C CYIIECTBEHHON IUIOTHOCTHIO HA OCH, KaK TPEOYIOT paBHOBECHS
B THNIMYHBIX TuTockux FRC.

Ha ¢ur. 13(d) mokazana monHas TeMmIiepaTypa IUIa3Mbl, BHIBSACHHAS WUCXOIS M3 PABCHCTBA JABICHUU W
MOJIHOCTBIO COOTBETCTBYIOIIASI PACCESHHIO 0 TOMIICOHY M CIIEKTPOCKOTINYECKUM U3MEPEHUSIM.

AHanu3 Bcero MaccuBa JaHHBIX MCKIIOYaeMOTO IOTOKa yKa3bIBaeT Ha To, 4To (opma cenaparpucsl FRC
(mpubnkaeMasi OCEBBIMH NMPOQMIISIMU) TTOCTETIEHHO ABOJIIOIHOHUPYET OT KPYroBOH K IIUIMITHYECKOH. DTa
9BOJIIOLMS, TIOKa3aHHasl Ha ¢ur. 14, coriacyercsi ¢ MOCTENICHHBIM MAarHUTHBIM Iepe3aMbIKaHHEM C MePeX0 oM
ot 1ByXx FRC k onmHoii. B camom nene, rpyOble OIEHKH IMTO3BOJIIIOT MPEIIOJIOKHTh, YTO B 3TOM KOHKPETHOM
ciydae BO BpeMs CTOJIKHOBEHUS Nepe3aMbIKatoTcs mpuMepHo 10% MarHUTHBIX TOTOKOB ABYX I€PBOHAYAIBHBIX
FRC.

Jlmira FRC moHOTOHHO cokpamaercs ¢ 3 M g0 npuMepHo 1 M B Tedenne Bpemenn xu3Hu FRC. Oto co-
KparieHue, BugHoe Ha ¢ur. 14, npeamonaraeT, 9o npu yaepxxanud FRC toMUHUPYIOT IJIaBHBIM 00pa3oM KOH-
BEKTHBHBIC TOTEPH dHEprur. [I0CKOIBKY JaBlieHHE TUIa3MBl BHYTPH CEMapaTpUCHl YMEHBIIAETCS OBICTpee, 4eM
MAarHUTHOC JIaBJICHUE CHAPYXKH, HATSDKCHUE CUJIOBBIX JIMHUH MATHUTHOTO ITOJIST B TOPIIEBBIX 00IACTSAX MPUBOIUT
Kk oceBoMy cxaruio FRC, BoccranasimBas oceBoe M paguaibHOE paBHOBecHe. [ paspsiia, paccMaTpuBaeMoro
B cBsi3u ¢ ur. 13 u 14, oTMETHM, YTO MarHUTHBINA MOTOK, 00IIee KOJIMYECTBO YACTHIl U TeruioBas dHeprus FRC
(npumepro 10 MBo, 7x10" wactur un 7 k[ COOTBETCTBEHHO) YMEHBIIAIOTCS, IPYOO TOBOPS, HA TOPSIOK Be-
JIMYHHBI 32 TIEPBYI0 MIJUIMCEKYHTY, KOT/Ia BBISIBIIsIETCS ncue3HoBeHue paBHoBecust FRC.

[MonnepxuBaemas pabora - BIcOK03(ddexTnBHbII pexxum FRC.

Ha ¢wur. 12-14 npuBeneHs! npuMepsl, Xapakrepusytomue paspymenue FRC 6e3 kakol-mu6o moaaepkKy.
Bwmecte ¢ Tem, B FRC-cucteme 10 mpuMeHSIOTCS HECKOJIBKO METOIOB IS JAIbHEHIIIETO YITydIIeHUs yaep KaHus
FRC (BHyTpeHHEH aKTUBHOM 30HBI M TPAHUYHOTO CIIOS) IIJIS TOCTHOKEHUS BhICOKOd(hpexTuBHOTO pexknma FRC u
MOJICPKKH KOH(pHUTypannu.

ITyuku HeUTpaTbHBIX YACTHIL.

Crauana ObICcTpble HeWTpanpHble YacTuibl (H) B BHIe MydKOB HMHKEKTUPYIOTCS M3 BOCBMH HHKEKTOPOB
600 myukoB HEUTPATBHBIX YACTUIl NEpHNEHAUKYIAPHO B,. ITydku ObICTPBIX HEHTpPANBbHBIX YAaCTHI HHXCKTHPY-
IOTCSI ¢ MOMEHTa 00BbEeJMHEHHS CeBEpHOM 1 103kHOH opmupyromux FRC B kamepe 100 ynepxanus B oqay FRC
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450. BeicTpble MOHBI, CO37[aBacMble TJIABHBIM 00pa3oM IOCPEICTBOM OOMEHa 3apsiiaMu, UMEIOT OeTaTpOHHBIC
opOUTHI (C MIEPBUYHBIME pannycaMu B pamkax Tomojoruu FRC wim, o MeHbIIeH Mepe, 3HAYUTEIHHO TPEBBI-
MIAIONTIMH XapaKTePUCTHUCCKIH JTUHEHHBIH MacIuTad rpaJueHTa MarHUTHOTO IIOJIs), KOTOPBIE CIOCOOCTBYIOT
asumyTasibHOMY TOoKy FRC 450. TTocne mpoxosxaeHuss HeKOoTopoi monu paspsna (depes 0,5-0,8 Mc Ha CHUMOK)
JOCTAaTOYHO OOJIBINAs MOIYJISAIHS OBICTPHIX MOHOB 3HAYUTEIBHO YIyYIIaeT CBOMCTBA BHYTPEHHEH yCTOHYMBO-
ctu u ynepxkanust FRC (cm., Hampumep, M.W. Binderbauer u N. Rostoker, Plasma Phys. 56, part 3, 451 (1996)).
Kpowme Toro, 13 mepCceKTUBEI MOANCPKKH BHITEKACT, UTO ITYYKH U3 WHXEKTOpoB 600 MydIKOB HEHTpaIbHBIX Yac-
THI] TOKE SIBIIIOTCS TIEPBUYHBIMU CPEACTBAMH BO30YKIeHMs ToKa 1 HarpeBatoT FRC-mmazmy.

B pexume mnasmbl FRC-cuctemsl 10 ObICTpBIE MOHBI 3aMEUISIOTCS B MEPBYIO OYepelb Ha 3JIEKTPOHAX
IUIa3MEl. B TeueHWe paHHEH YacTH pa3psia TUIHYHBIC YCPETHCHHBIC MO OpOMTAM BpEMCHA 3aMEJICHHS OBICT-
pbix noHoB cocrasisitoT 0,3-0,5 Mc, yTo MpUBOAUT K 3HauMTeabHOMY HarpeBy FRC, B mepByro ouepenb, diek-
TpOHaMH. BBICTpEIC MOHBI COBEPIIAIOT OOJNBIINE PaAHaIbHBIC YKCKYPCHI HAPYKY OT CEHapaTPUCHI, IOTOMY YTO
BHyTpeHHee MarHuTHoe rojie FRC no cBoeit npupozne nmeer manyio nHayknuto (B cpexseM npumeptro 0,03 Ta
JUTSL BHEIIHETo oceBoro noist ¢ uaayknueit 0,1 Ti). BricTpeie nOHBI OBLTH OBI TIOJBEPIKECHBI MTOTEPSM TIpU 00Me-
HE 3apsIaMHy, eclii OBl IUIOTHOCTh HEHTPAIBHOTO ra3a CHAPYXKH OT CEmapaTpUCHl ObUIa CIIUIIKOM Oombmoi. [To-
STOMY TE€TTEPHUPOBAHNE CTCHKOW M JAPYTHe METOJBI (TaKhe KaK IpeayCMaTPHBAIONINE MUCIIONb30BaHHE TIa3MEH-
HOM mymku 350 U 3epKabHBIX MPOoOOoK 440, KOTOpHIE, TOMUMO BCETO MPOYETO, BHOCAT BKJIAJ B KOHTPOJIb Tasa),
ncnonbzyembie B FRC-cucteme 10, IeMOHCTPUPYIOT TEHACHINIO K MUHUMH3AIIUU TPAaHUYHBIX HEHTpPaIbHBIX
JacTHIl U 00eCcrieunBaroT TpedyeMoe HapacTaHue TOKa, 00YCIOBIEHHOTO OBICTPHIMUA HOHAMH.

Umxkekmus tabIeToK.

Korna B npenenax FRC 450 Beipacraer 3HaUnTEIbHAS MOMYJISIIUS OBICTPBIX HOHOB M IIPH 3TOM TeMIIepa-
TYpBI 2JIEKTPOHOB SBISIOTCA MOBBIIEHHBIMY, a BpeMeHa >ku3HU FRC yBenuuennsimMu, B FRC 450 umkextupyrot
3aMopoxxeHHble TadbneTkn H mnu D u3 umkekropa 700 TabneTok, 4ToObl moaaepkaTh o0Iiee KOIUIeCTBO Yac-
i B FRC, tpebyemoe ams FRC 450. IIpenmnonaraembie BpeMEHHBIE HHTEPBAJIBI aOJISIIUH SBILSIFOTCS OCTATOY-
HO KOPOTKUMH, 4TOOBI 00ECIICUNTh UCTOUYHUK 3HAYMTEIBHOTO KomudecTBa yacTuil it FRC. Dta ckopocTh Tak-
JKe MOXKET OBITh YBEMYCHA 33 CUET YBEIWYCHUS IUIOMAIN IIOBEPXHOCTH HHKCKTHPYEMOTO KyCcOUKa ITyTeM pas-
JIAMBIBaHHUSA OTICIHHON TaOJIETKM HAa MEHBIIHE (parMEHTHI, KOT/Ia OHM HAXOMAATCS B CTBOJIAX MM WHKEKIIHOH-
HBIX TpyOax umxekTopa 700 TabieTok 1 10 TOTo, KaKk OHM MomnaaarT B kamepy 100 yaepkaHus - 3Tal, KOTOPBIH
MOJKHO BOIUIOTUTH IIyTeM YBEIWYCHHS TPECHUS MEXKIY TaONETKOH M CTEHKaMH WH)KEKIIMOHHOW TPYOBI 3a CUeT
YMEHBIICHUS pagnyca n3ruda MmocjaeIHero CeTMeHTa HH)KEKIIMOHHONW TPYOBI HEMOCPEICTBEHHO TIepe]] BXOIOM B
kamepy 100 ynepkanus. [lyTeM M3MEHEHHS TOCIEIOBATEIHPHOCTH U CKOPOCTH CTPENbObI M3 12 cTBONOB (MH-
JKCKIIMOHHBIX TPYOOK), a Takke (PparMeHTaIluH, MOXXHO HACTPOUTh cucteMy 700 mHXKEKIH TabieTok Ha obec-
MIeYeHNE KaK pa3 JKeJlaeMOT0 YPOBHS MOJICPKKH 00IIero KojJmdecTsa 4acTull. B cBoro ouepens, 3To criocodct-
BYET COXPAHCHHWIO BHYTpEHHEro KuHeTtmueckoro gasieHus B FRC 450, a takke momuepkuBacMod pabOTHI U
Bpemenu xku3Hu FRC 450.

Kak Topko mogBeprHyTHIC a0NSIUU aTOMBI BCTPEYAKOTCS CO 3HAYUTEIBHBIM KOJHMUECTBOM Iuia3Mbl B FRC
450, OHM CTaHOBSATCS MOJHOCTHIO MOHH3MPOBAHHBIMHU. [IoTOM mMmoNyJaromasics B pe3yJIbTaTe YacTh XOJIOJTHON
TUTa3Mbl HATPEBAETCS TIPU CTOJKHOBEHHH ¢ coOcTBeHHOM FRC-1utasmoii. DHeprus, HeoOXxoauMas 1Jisi COXpaHe-
HUs xKemaemoit Temreparypsl FRC, B koHeUHOM cueTe, moaBoauTcst mHkekropamu 600 mydkoB. B atom cmpicie,
nHxekTopsl 700 TabeTok BMecTe ¢ HHXekTopamMu 600 MydKoB HEUTPaIbHBIX YacTHI] 00pPa3yIOT CUCTEMY, KOTO-
past coxpanseT ycraHoBuBiieecs coctosane FRC 450 u monnepxuBaer ee.

OTKJIOHSIOMNE KaTYIIKH.

UToOBI TOCTUYb BO30YKICHHUS TOKA B YCTAHOBUBIIIEMCSI COCTOSIHUM M COXPAHUTh TPEOYyEMBIil HOHHBIH TOK,
JKENMATeIFHO MPEJOTBPAIATh WA 3HAYUTEILHO YMCHBIIATh HATIPABICHHBIC BBEPX CIHHBI 3JICKTPOHOB, 00YCIIOB-
JICHHBIC CHJIOW TPCHHS MEKAY SJICKTPOHAMH U MOHAMU (SBILSIOIICHCS Pe3yIbTaTOM MEPEHOCA KOJIMYECTBA JIBU-
JKCHHS, BO3HUKAIOIICTO NPU CTOJKHOBCHHUU HOHOB W 3JeKTpoHOB). B FRC-cucreme 10 ucmonbs3yercs HOBBIHA
MeToJl o0ecreyeHns! pa3phlBa B paclpeieIeH!H IEKTPOHOB MOCPEICTBOM IMPUKIAIBIBAEMOTO U3BHE CTaTHYe-
CKOTO MarHUTHOTO JTUTOJBHOTO M KBaAPYIMOJBGHOIO IMOJA. JTO JOCTUTACTCS MOCPEACTBOM BHEUTHHX OTKIIO-
HstomuUX KaTymek 460, n3o0pakeHHBIX Ha Gur. 15. PaguanbHoe MarHuTHOE 10JIe, TIOTIEPEYHO MPHUKIIAIBIBAEMOE
13 OTKJIOHSIONIMX KaTymiek 460, MHIyIMpYyeT 0ceBoe dJeKTprUecKoe moJie Bo Bpamatomeiicss FRC-mra3me. Pe-
3yJbTUPYIOLUIUNA OCEBOM AJIEKTPOHHBIM TOK B3aMMOJECUCTBYET C paiiajbHbIM MarHUTHBIM IOJIEM, CO3/1aBasi a3u-
MyTalbHYI Pa3phIBHYIO CHily F=-Gy.0<|B,/*>, Bo3aeiicTBYIONYIO Ha 2MeKTPOHEL. UTOObI 06ECIIEUNTh a/eKBaT-
HBIA pa3pbIB B paclpeleiIeHIH dJIEKTPOHOB sl TUMMYHBIX yeinoBuid B FRC-cucteme 10, TpeOyeMoe mpHKIIaabI-
BaeMO€ MarHHUTHOE TUMOJNBbHOE (WIM KBAagPYIOJBHOE) MOJie BHYTPH IUIA3MBI JOJDKHO MMETh HMHIYKTHBHOCTB
yuib ropsinka 0,001 Ti. CooTBeTCTBYIOIIEE BHEITHEE MarHUTHOE T0JIE ¢ MHAYKTUBHOCTHIO ipuMepHO 0,015 Tx
SIBIISICTCSL IOCTATOYHO CIa0BbIM, YTOOBI HE BBI3BIBATH OLIYTHUMEIC TOTEPU OBICTPHIX YACTHII FIIU OKA3bIBATh HHOEC
HETaTUBHOE BIUSHHC Ha ynepxkaHue. DakTHYCCKH MPUKIIAIBIBAEMOC MATHUTHOE JHUITONBEHOE (MM KBaJpPyIIOb-
HOE) TI0JIC BHOCHUT BKJIa]l B TIOJIABIICHUEC HEYCTOMYMBOCTEH. B codueTaHNN ¢ TaHTCHIIMATFHON WHXKEKITUCH ITyYKOB
HEUTpaTBHBIX YACTUI] M OCCBOW WHXKEKIIUCH IUIa3MBI OTKIOHSIOMKE KaTymku 460 oOecrieunBaloT JOTOIHH-
TENBHBIA YPOBEHb KOHTPOJIS B CBSI3U C COXPAaHCHHUEM TOKA M YCTOHYHUBOCTHIO.

3epKaybHbIE TIPOOKH.

KoHCTpyKIHs UMITYTBCHBIX KaTymek 444 BHYTpH 3epKalbHBIX MTPoOoK 440 momyckaeT JIOKadbHOE TeHEepH-
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pOBaHHE CWIBHBIX MAarHUTHBIX moiiei (2-4 Ti) ¢ moMoIp0 HeOObIIOW eMKOCTHOH 3Hepruu (mpumepHo 100
kJIx). 11 hopMHpOBaHMST MarHUTHBIX TOJICH, TUITMYHBIX MTpU paccMaTpuBaeMoii padore FRC-cucremst 10, Bce
CHJIOBBIC JIMHUM TIOJISI B Mpejeniax oobeMa (OpMHUPOBAHUS MPOXOJAT CKBO3b CyKeHUs 442 y 3epKalbHBIX MPO-
00k 440, xak TpeanoJaraeTcs Mpy HAJMYUN CUJIOBBIX JIMHUHA MarHUTHOTO TIOJIS, TTOKa3aHHBIX Ha (ur. 2, ¥ KOH-
TaKT IJIa3Mbl CO CTEHKOW He MpoucxoauT. [Tomumo 3Toro 3epkanbHbie MpoOku 440 COBMECTHO ¢ MarHuTamu 416
JTUBEPTOPOB KBA3UIIOCTOSHHOTO TOKA MOXXHO OTPETYIHPOBATH TaK, YTOOBI HANIPABIIATH CHIIOBBIC JTMHUH OIS Ha
3nekTpoAb! 910 TUBEPTOPOB MITH BBIPAaBHUBATH CHIIOBBIC IWHUH TIOJISI B (HE TTOKa3aHHOM ) KOH(UTYpAITUH OCTPHIX
TOPIEBBIX BHICTYNOB. IlociemHssi MOBBIIIAET YCTOWYMBOCTh M TOJABIIET MapajUIeNbHYI0 TEIUIONPOBOIHOCTH
JJIEKTPOHOB.

Camu 3epkansHble TpoOKH 440 Toke BHOCST BKJIQJ B KOHTPOJIb HEWTPAIBLHOTO rasza. 3epKajbHbIE IPOOKH
440 oOecrieunBaroT JIydIlIee MCHOIb30BaHNE ra3000pa3HOro AEHTEpHs, IIPOAYBaEMOr0 B KBapleBbIe TPYOBI BO
Bpems popmupoBanusi FRC, mockonbky oOpaTHbIii TOTOK ra3a B auBepTopsl 300 3HaYMTENIFHO YMEHbBIIECH Ona-
rojaps Majoi crocoOHOCTH MPOOOK MPOITyCKaTh ra3 (CToidb Mu3epHoii, kak 500 1/c). Bonpimas 4acTh ocraTod-
HOTO IPOJyBaeMOTo Ta3za BHYTpH (GopMmupyomux Tpyo 210 OsicTpo noHn3upyercs. Kpome Toro, BEICOKOIIIOT-
Has IJ1a3Ma, TeKyIas CKBO3b 3epkaibHble MpoOku 440, obecrieunBaeT 3PPEKTUBHYIO HOHU3AIUIO HEUTPATBHBIX
YJacTHII, a 3HAYUT 1 2 (HEeKTUBHBIN Ta30BbIN Oapbep. B pe3ynbrare, O0IBIIMHCTBO HEUTPATBHBIX YaCTHII, PEIIUP-
Kynupyembix B auBepTopax 300 m3 rpanmunoro ciost 456 FRC, He Bo3Bpammarorest B kamepy 100 ymepskaHus.
Kpowme Toro, HeliTpanbHbIC YaCTHIIBI, CBI3aHHBIE ¢ pa0OTOW MIa3MeHHBIX Mmytek 350 (paccMaTpuBacMoOn HUXKE),
OynyT B OOJBIIMHCTBE CBOEM 3aKITI0YaThCs B TuBepTOpHI 300.

W, HakoHer, 3epkaibHbIe TPoOkH 440 CKIOHHBI yIydmiaTh yaepxanue rpanudaoro cios FRC. Tlpu koa¢-
¢unmenTax orpaxkeHus 3epkaia (IpoOKa/yAep>KUBaIOIIMe MarHUTHBIE Touisl) B quanasone 20-40 u npu JumHe
15 M Mexy CEeBEpHON U I0KHOU 3epKalbHBIMHM NpoOKkamu 440 Bpems Ty yAep:KaHUsA 9aCTHL IPAHMYHOTO CIIOS
YBEJIMYHUBAETCS HA MOPAJOK BENUYMHEL YBEIUYEHHE Ty JIETKO yJIydlIaeT yaepxkanue yactuy B FRC.

[penmonaras, uTo oOycnaBnuBaeMble panuaibHON auddysneit (D) morepn yacTui] U3 OrPaHUIMBACMOTO
cenmaparpucoii oobema 453 OamaHCHPYIOTCS OCEBBIMH MOTEpsSMHU (T;) W3 TPaHUIHOTO cios 456, moiydaem
(2mr,Ls)(Dng/8)=(Dmr,L8)(Dy/ty), OTKyzma clieayeT, 4TO JUIMHY IpajueHTa INIOTHOCTH y CENapaTpUChl MOXHO
nepenmcatsb B Buxe 6=(D1)"% 3mech Iy, L i n - 3T0 payc CenapaTpuchl, JIHHA CENAPATPUCH! U INIOTHOCTD Y
cenapaTpHCH COOTBETCTBEHHO. Bpewms yIepKaHus YaCTHIl B FRC COCTaBJISIET
t=[nr Ls<n>]/[(27r L) (Dny/8)=(<n>/n)( T, rl‘)m, rae T,=a’/D u npu 9ToM a=r/4. OUHUCCKH, YBEIMYCHHE
Ty BEJIET K YBEIMYCHHOMY O (YMEHBIIIEHHOMY TpaJdeHTy TUIOTHOCTH W MapameTpy Aperda y cemaparpucse), a
3HAYUT - ¥ K yMEHbIIEHHBIM rtotepsiM yactun B FRC. Ob6mee yBennueHne napamerpa yaepxanus yactun B FRC
00OBIYHO HECKOJIBKO MEHBIIIE, YeM KBaJpaTHIHOE, IIOCKOJIBKY Ny YBEITMIUBACTCS BMECTE C Tj.

3HaUNTENBHOE YBEIMICHHE Ty TAKKE TPeOyeT, YTOOBI TpaHUYIHBIN CiI0i 456 ocTaBajcs 1Mo OONBIIOMY CUETY
YCTOWYMBBIM (T.€. 4TOOBI IIpU n=1 HE OBUIO ’keNOOKOBOH, PYKaBHOM WIIM MHOW MarHUTOTHAPOANHAMHYECKON
HEYCTOWYHMBOCTH, THIIMYHON ISl OTKPBITBIX CHCTeM). Mcnonb3oBaHue IIa3MeHHBIX mymek 350 obecrneunBaet
NPEANOYTUTEIBHYIO YCTOHUYNBOCTD Ha IpaHuIie. B aTom cMeicie 3epkanbHble MpoOku 440 1 riia3MeHHbIE ITyIIKH
350 o0OpazyroT 3 PeKTUBHYIO CUCTEMY KOHTPOJIS TPAHHUIIBL.

[Tna3zmeHHBIE MTyIIKH.

ITna3mennsle mymku 350 NOBBIIAIOT YCTOWYUBOCTH cTpyit 454, Beimyckaemsix u3 FRC, nocpeactsom nu-
HEHHOTO CBsI3bIBaHM. [1a3Mbl, HCITyCKkaeMble M3 TUIa3MEeHHBIX Iymiek 350, obpa3yroTcst 6€3 mpuBIeYSHHS KO-
JIMYECTBA a3UMYTaIBFHOTO YTIOBOTO ABIKCHHSA, YTO MOKA3asI0 ceOs MOJIE3HBIM MPH KOHTPOJIE HEYCTOMIMBOCTEH
Bpamienus B FRC. A ecnum Tak, To mymku 350 sBisiroTcsl 3 ()EKTHBHBIM CPEJICTBOM KOHTPOJSI YCTORYHBOCTH
FRC 06e3 HEoOXOAMMOCTH YCTapeBIIETO METOJa KBaJpYIOJLHOW cTabwim3aiu. B pesynbrare maa3MeHHBIC
mymkd 350 7af0T BO3MOXHOCTh TOTYYSHUS TIPEUMYIIECTBA BBITOIHBIX 3((HEKTOB OBICTPHIX YACTHI] MU TOCTYIIA
K PeKUMY YCOBEPIICHCTBOBAHHOW THOpmmaHON kuHeTmdeckolt FRC, xak momdepkuBaeTcss B 3TOM PaCKPBITHH.
CrnenoBarenbHO, Ia3MeHHble mymky 350 mo3BoisitoT akcmryatupoBaTth FRC-cuctemy 10 mpu Tokax OTKIIO-
HSIOIIMX KaTyIeK, MOAXOSIINX KaK pa3 Ul pa3pblBa B pacHpeesIeHUH 3JIEKTPOHOB, HO SIBISIONIMXCS MEHB-
MMM, Y€M Te, KOTOpPbIE BEI3BIBAN Obl HeycTOHuMBOCTE FRC w/mnm npuBoaumy Obl K MHTCHCUBHOH tuddy3un
OBICTPBIX YaCTHII.

Kak yrnoMuHaizoch B pacCMOTPEHHOM BBIIIE pazzeie "3epkanbHble MpoOKu", eciu ObI MOXKHO OBLIO 3HAYH-
TENBHO YBEIHUYUTH Ty, TO IOJaBacMas U3 MyIIeK IIa3Ma GblIa ObI COIOCTABMMOIL CO CKOpocThio (~107/c) moTeps
YacTHI] B TPAaHUYHOM clioe. Bpemst sxu3uu nonyyaemoi u3 nyiek mia3mel B FRC-cucreme 10 mHaxonurcst B Mudi-
JINCEKYHIHOM Jarna3omne. B caMoM jieite, paccMOTPHM UIa3My W3 TyIIEK, HMEIONIYIO MIOTHOCTh Ne~10" eM™
TeMIieparypy noHoB npuMepHo 200 3B, 3aKITI0YEHHYI0 MEXIY TOPIIOBBIMU 3epKadbHBIMU ITpoOkamu 440. J{nmHa
L 3axBara u ko3¢ uinmeHT R oTpakeHus 3epkana cocTaBisioT nmpuMepHo 15 u 20 M cooTBeTcTBeHHO. CpemHss
JUIHHA CBOOOJHOrO MpoGera HOHOB GJ1aroaps KyIOHOBCKHM CTOINKHOBEHHSIM COCTaBIseT Aj~6x10° cM, a mo-
ckoJbKy A;InR/R<L, nOHBI HAXOAATCS B ra30JMHAMUYECKOM pexume. BpeMs ynepskaHus 11a3mMbl B 3TOM PEXH-
Me COCTaBIseT Toq~RL/2V~2 Mc, rae Vg - cKOpOoCTh MOHHOTO 3ByKa. JIJIsi CpaBHEHMs KIIaCCUYECKOE BpEMs
yIepiKaHHs HOHOB JUIA STHX TapaMEeTPOB IUIa3MbI COCTAaBIUIO Obl T~0,5T, (InR+(InR)*)~0,7 mc. B npumume,
aHoMaJnbHas monepednas Auddy3us MOKeT COKpaTHTh BpeMsl yAEpKaHU IJIa3Mbl. Bmecte ¢ TeM, eciii mpearo-
70xkuTh, 94T0 B FRC-cucteme 10 nmeet mecto 6oMoBcKkast mupQy3un, TO OIICHOYHOE BpeMs TIOTIEPEIHOTO yIIep-
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JKaHUSA JUIS IJ1a3Mbl M3 MYIIEK COCTAaBJIAET T,>Tyq~2 MC. Clle0BaTEeNbHO, IyIIKH MOIJIH Obl 00ECIIEYNTh 3HAYH-
TEeNFHOE MOTIOJIHEHHE TpaHnyHoro cinost 456 FRC u yrydimennoe obmee ynepxanue yactuil B FRC.

[ToMuMoO 3TOrO, MOTOKU IUIa3Mbl U3 MYLIEK MOXHO BKJIIOYaTh mpuMepHo Ha 150-200 MKc, 4TO MO3BOJISIET
UCIIOJIb30BaTh MX MPH 3aIlyCKe, MOCTyNaTeIbHOM repeMenieHn 1 oobeanHenun FRC ¢ nmomaganuem B kamepy
100 ynep>xanusi. Eciii BKIIFOUE€HHE TPOUCXOIWT MPUMEPHO B MOMEHT t~0 (MHUIHAIMSI OCHOBHBIX UCTOYHUKOB
nmutanus FRC), To tuiasmel u3 mymiek crnocoOcTByroT noanepxkanuio FRC 450, momydeHHOM Teneph Mmocie JIu-
Hamu4veckoro (GopmupoBanus u oobeanHeHU. OObeIMHEHHBIC 00IUE KOJIMYECTBA YaCTHI] U3 (HOPMUPYIOIIHX
FRC u u3 mymek SBIAIOTCSA YOOBICTBOPUTEIHHBIMH UIS 3aXBaTa ITyYKOB HEUTPAJIbHBIX YACTHII, HATPEBAHMS
TUTa3MBI M [UTATENFHON MOAAEp KKH. ECiii BKITTOUeHNE MPONCXOAUT B MOMEHT t B Tuana3oHe -1-0 Mc, To mia3msl
13 MyIIeK MOTYT MPUBECTH K 3aNOJTHEHUIO KBApIEeBHIX TPYO 210 Mmia3Moi Hin K MOHU3AIWH ra3a, IPoayBaeMOoTo
B KBapleBbIe TPyOBI, TeM caMbIM fomyckas popmupoBanne FRC npu ymeHbIIeHHOM Hiti BOOOIIE HYJIEBOM 00b-
eMe mpojayBaeMoro rasa. [locieaHee ycioBHe MOXET NOTPeOOBAaTh JAOCTATOYHO XOJIOJHOHW (hOpMHUpYIOLIEH
TUIa3Mbl, 9T00BI 00ecneynTh OBICTPYI0 AU (Y30 MArHUTHOTO MO ¢ 00paTHBIM cMenieHueM. Ecim Bkinoue-
HHE IPOMCXOIUT B MOMEHT t<-2 MC, TO OTOKH ILIa3Mbl MOTYT 3aIOJHHTh HPUMEpHO 1-3 M’ IHMHEitHOro 06beMa
nost obnacreit popMupoBanust U ynepxkanus Gopmupyromux cexuuit 200 u kamepy 100 ynepskanus ¢ 1ei1eBoi
IIOTHOCTBIO B HECKOJIBbKO eauHuI Ha 10" cM™, mocTaTounoit 1 06ecredeH s Co3MaHus MyqKOB HeHTPaIbHBIX
gactui a0 npudsitus B FRC. Tlocne atoro ¢popmupyronue FRC mormm 661 chopMupoBaTHCS U TOCTYMATEIHHO
MepeMemaThcs B pe3yIbTHPYIONIYIO TUIa3My eMKOCTH Ui yaepykaHus. Takum oOpazom, IUIa3MeHHBIC ITYIIKH
350 obecnieunBaroT OOJBIIOE pa3HOOOpazue PaboUnX YCIOBHUN U PEKUMOB HACTPOUKH MapaMeTPOB.

DNEKTPUIECKOE CMEIIEHHE.

KoHTponp paguambHOTo MpoduIIs dIEKTPUIECKOTO MOJIS B TPAHUYHOM ciioe 456 pa3InIHBIMU CIIOCO0aMu
BheIroJIeH Jutst yeToitunBoctd FRC 1 yaepykanus B Heil. [TocpeicTBOM HOBBIX 00ECIICUMBAIOIINX CMEIICHUC KOM-
MIOHEHTOB, pa3BepHYTHIX B FRC-cucreme 10, MOXXHO NMPUKIAABIBATE MHOXKECTBO 3a0JIarOBpEMEHHO HOATOTOB-
JICHHBIX pacIpeAeIeHIH IEKTPUUYECKUX MOTCHINAIOB K TPYIIE OTKPHITHIX ITOBEPXHOCTEH ITOTOKA MO BCeH Ma-
MIMHE U3 00JIacTell JajeKko CHapyKH OT LIEHTpaJbHOW obmacTh ynepkaHus B kamepe 100 ynepkanwms. Takum
00pa3zoM, MOKHO T€HEPHUPOBATh paJMalibHbIEe HJICKTPHUYECKHE TTOJIsl Yepe3 TpaHU4HbINA ciiol 456 B HermocpecT-
BerHo# Ommzocti k FRC 450. IToToM 3Tn paguanbHble 3JIEKTPHUYECKHE MO MOANGHIMPYIOT a3UMyTallbHOE
BpallleHHE TPaHUYHOTO CJI0st 456 M OCYIIECTBIIAIOT €ro YAEpKaHUe IMOCPeICTBOM pa3pbiBa ckopoctu, ExB. Jlio-
6oe muddepeHnnanb-HOe BpalleHne MEXTy TPaHHYHBIM cioeM 456 u aktuBHOUN 30HOU 453 FRC MOXHO 3aTeM
nepenath BOBHYTph Iuta3Mbl FRC 3a cdeT paspeiBa. B pesynbpTare KOHTPOJIb TPAaHUYHOTO oSl 456 oka3bIBaeT
HETIOCPEACTBEHHOE BJIMsAHME Ha akTuBHYIO 30HY 453 FRC. Kpome TOro, mockosbKy CBOOOIHAsI SHEPTHUS MPH
BPAIICHUN TUIa3MBI TaK)KE€ MOXKET SIBIIATHCS NMPUYMHON HEYCTOWYMBOCTEH, 3TOT METOJA OOECIeYnBaET NPsSMOe
cpencTBo OOpHOBI C 3apOoXICHWEM M POCTOM HeycToWduBocTed. Ilomxoxasimiee rpanndnoe cmemenue B FRC-
cucteme 10 obecmeunBaeT 3 (HEKTUBHBIH KOHTPOJb NMEPEHOCA U BPAIICHHS CHIIOBBIX JIMHUIH OTKPBITOTO TIOJS, a
Take BpamieHus aktuBHOI 30HBI FRC. Mecronaxoxnenne u ¢popMa pa3iHyHbIX MPEAyCMaTPHUBAEMBIX JJIEK-
tponoB 900, 905, 910 1 920 obecneynBalOT KOHTPOJIb PAa3HBIX TPYIII MOBEpXHOCTEH 455 MoTOKa, a TakKe KOH-
TPOJIb IPH Pa3HBIX M HE3aBUCHMBIX IOTEHIHMaNaxX. TakiuM oOpa3oM, MOKHO Pean30BaTh MIMPOKHHA CHEKTP pas-
HBIX KOH(QUTYPaLMi 3JEKTPUIECKUX MMOJIEH M HaIPsHKEHHOCTEH, KaKAbIH pa3 ¢ OTIMYAIOIIMMCS XapaKTepUCTH-
YEeCKHUM BO3/ICHCTBHEM Ha paboyne rmapameTpsl Ia3Mbl.

KiroueBoe npenMyInecTBo BCex 3TUX HOBBIX METOZOB CMEIIEHHS COCTOUT B TOM, YTO Ha MOBEICHHE TUIa3-
MBI B aKTHBHOW 30HE M Ha TPAHHIIE MOYKHO MOBJIMATH M3 MECT, HAXOIAIMINXCA Jayeko cHapyxu oT FRC-mma3mel,
T.e. HET HEOOXOIUMOCTH BBEJCHHS KaKUX-THOO (PU3NIECKUX KOMIIOHCHTOB B KOHTAKT C IIEHTPAIBbHOU Topsdei
T1a3MOM (4TO MMeJIo OBl Cepbe3HBIE MOCIENCTBHUS IS TIOTEPh dHEPTHH, IMOTOKA W YaCTHI[). DTO OKa3bIBAET OC-
HOBOIIOJIAraromiee BBHITOAHOE BO3ICHCTBHE Ha pabodhe XapaKTEpHUCTHKH W BCE MOTCHIHANbHBIC MPUIOKECHUSI
uaeu BeicokodpdexTuBHoro peskrmma FRC.

DKcneprMeHTaIbHbIE JaHHBIE - paboTa B BeIcoKod(dexTrBHOM pexxume FRC.

Wmkexnust OBICTPBIX YaCTHIl HOCPEICTBOM ITyYKOB U3 mymek 600, NCITyCKaloImuX My9KH HEeHTpalIbHbIX Ya-
CTHII, UTPAET BAXHYIO POJIb B 0OecredeHnH BhIcOKod(ppekTuBHOTO pesxknma FRC. dur. 16 nnnroctpupyer 3T0T
¢axr. M300paskeH HabOp KpUBBIX, NOKa3bIBAIOIINX, Kak BpeMs >knu3Hu FRC koppennpyercst ¢ JUIMTENEHOCTHIO
UMITyJIbCOB Iy4KOB. Bce apyrue paboune ycioBUs MOANCPKUBAIOTCS HEM3MEHHBIMH JJISL BCEX Pa3psiioB, OXBa-
TBIBAEMBIX TUM HCClIe0BaHNeM. [laHHBIE YCPEIHSIOTCS 110 MHOTUM CHUMKaM M IT03TOMY OTOOpaXKaloT THITHY-
Hoe moBeaeHHe. COBEPIIEHHO OYEBHIIHO, YTO YBEIWYCHHAS JUIUTEIHHOCTh IYYKOB JaeT "MOoJIbIIe >KUBYyIIHE"
FRC. N3yuenne storo (akra, a TakKe IPyrux pe3yabTaToOB AUATHOCTUKH B TEUCHHE ITOTO MCCIICIOBAHMUS BBISIB-
JSET, YTO MTyYKH YBEJIMYHMBAIOT YCTOHYMBOCTE M YMEHBIIAIOT MOTepH. Koppemsiuns Mexay ATUTeITFHOCTBIO M-
MyJBCOB MyYKOB W BpeMeHeM km3HH FRC He sBiseTcs COBEpIICHHOH, MOCKOIBKY 3aXBaT ITyYKOB CTAHOBHTCS
Hea((HEKTUBHBIM, KOT/Ia pa3Mephl TUIa3Mbl MEHBIIE ONPEEICHHbIX, T.¢. Korna ¢uszndeckue pasmepbl FRC 450
COKpAIIAIOTCSl ¥ HE BCE MHXEKTHPYEMBIE IIYUYKH IIePEXBATHIBAIOTCS M 3axBaTbiBaroTca. COKpalleHne pa3MepoB
FRC npoucxonur B nepByro o4epeapb U3-3a TOro, YTO YUCThIE MoTepu dHepruu (~4 MBT npuMmepHO Ha noamyTH
yepe3 paspsn) u3 FRC-mua3mbl Bo BpeMs paspsiga HECKOJIBKO Ooublile, yeM 00Iasi MOITHOCTB, ITOBOJUMAs B
FRC nocpenctBoM my4koB HEHTpalbHBIX 9acTHL (~2,5 MBT) 111 KOHKPETHOTO HKCIIEPUMEHTAIILHOTO 3aITycKa.
Pacnonoxenue mMydkoB B MecCTe, HaXOZIIEMCs OIibKe K cpelHel rockoctd eMkocTd 100, MOXKeT mpHuBecTH K
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TEHJCHIMHM YMEHBIICHHS 3TUX MOTEPh U NMPOAIeHus BpeMeHH xnu3Hu FRC.

@ur. 17 wmocTpupyeT BO3ICHCTBHS pa3sHBIX KOMIIOHEHTOB Ha JOCTMDKCHHE BBICOKOA(dEeKTHBHOTO pe-
skuma FRC. 3meck mokazaHo ceMeHCTBO TUITHIHBIX KPUBBIX, 0ToOpakaromux Bpems xu3Hu FRC 450 xak QyHk-
M0 BpeMeHH. Bo Bcex citydasx mpeaycMaTpHBaeTCs MOCTOSHHAS, HEOObIIAast 10 BEIMYMHE MOIIHOCTD ITyYKOB
(mpumepHO 2,5 MBT) HHXXEKTUPYETCSl Ha MPOTSHKEHUN BCEH JITUTENBHOCTH KKIoro paspsiaa. Kaxkmas kpuas
SIBIIICTCSL XapaKTepHOU UISl OTIMYAIoIIeiicss KoMOMHamu KoMroHeHToB. Hampumep, pabota FRC-cuctemsr 10
0e3 Kakux-IM00 3epKajbHBIX MPoOOK 440, ma3sMeHHbIX mymiek 350 wim reTTepupoBaHus Ojaromaps cucreMam
800 reTTeprupoBaHUS IPUBOIUT K OBICTPOMY TIOSBIIEHUIO HEYCTOHYMBOCTH BpaleHus u yrpate Tonosorund FRC.
BBenenue TonbKoO 3epKajbHEIX NpoOOK 440 3a/mepKUBacT MOSBICHHE HEYCTOMYMBOCTEH M yIydllaeT ynaepixa-
HHe. lcrnonp3oBaHMEe COBOKYMHOCTH 3€pKalbHBIX NMPoOoK 440 m mna3meHHoil mymku 350 JOMOTHHTENIHHO
yMeHbIIaeT HEYCTOMYMBOCTH W yBennduBaeT Bpems sxu3Hu FRC. U, nakonen, BBenenue rerrepuposanus (Ti B
9TOM cily4yae) BIo0aBok k mymke 350 u npoOkam 440 maer Hamirydiiue pe3ysbTaThl - B moixydaemoii FRC ner
HEYCTOMYMBOCTEH, U OHA AEMOHCTPUPYET CaMO€ MPOJOKUTENbHOE BpeMs XHU3HU. M3 3TOH SKCIepUMeHTaNb-
HOHM JIEMOHCTpAIMH SICHO, YTO BCSI COBOKYITHOCTh KOMITOHEHTOB JaeT HAMIYYIINH 3QPeKT n odecrneynBaeT myd-
KU C HAWTYyYIIUMH PACUETHBIMHU YCIOBHUSIMU.

Kaxk mokaszano Ha ¢ur. 1, HOBBIH 00HAPYKEHHBINH BRICOKO3(Q G ekTHBHBIN peskuM FRC nemoHcTpupyeT pes-
KO YJIy4IICHHOE MOBEAEHHE IpH mepeHoce. dur. | WumocTpupyeT U3MEHEHHE BPEMEHHU YAEPKaHUS YacTHUIl B
FRC-cucteme nipu nepexojie U3 oObITHOTO peknMa B Bhicokod(hpexTuBHbIN pexknMm FRC. Kak MoxHO yBUAETD,
YHOMSIHYTO€ BpeMsi B BeIcOkod(hpexTuBHOM pexknme FRC yBenmnumiioch 6omee ueM B 5 pas. Kpome Toro, ¢ur. 1
KOHKpETU3UpyeT BpeMs ynepkanus dactul] B FRC-cucreme 10 o oTHOIIEHHIO K BPEMEHHN yIEP>KaHHs YacTHUI] B
skcriepuMenTax ¢ u3BectHeIMH FRC. UTo Kacaercst 3TUX APYTHX MallIWH, TO BHICOKOI(GPeKTUBHBIH peskuM FRC
y FRC-cucremsr 10 nmeer ynepxanue, Ko3(pGHUINEHT YBEINYEHHUS KOTOPOTO HAXOAUTCS MEXAY 5 ¥ 3HAUCHHEM,
6mm3kuM k 20. HakoHen - 1 3To BajkHEe BCEro - MpHUpOJa MacuITaOHON WHBapHaHTHOCTH yaepkanus st FRC-
cucreMbl 10 B BeicokoaddextuBHOM peknMe FRC pe3ko omimyaeTcs oT BcexX M3BeCTHBIX m3Mepenuil. [lepen
ycraHoBieHHeM Beicokod(dexTrBHOTO peskiMa FRC B FRC-cucteme 10 BBIBOIMIN pa3iIMYHbIe SMIHPHYECKHC
3aKOHbI MacIITaOMPOBAHUS U3 JAHHBIX, YTOOBI CIIPOTHO3MPOBATh BPEMEHA YAEPKAHUS B HKCIIEPUMEHTAX C U3-
BectHbIME FRC. Bce 9TH paBuiIa 3aBHCAT, TIaBHBIM 00pa3oM, oT otHomenus R*/p;, rae R - paguyc Hyns mar-
HHUTHOTO NOJIs (HecTporast Mepa (pM3M4YecKoro Macimraba MalluHbl), a Py - JAPMOPOBCKUH panyc HOHA, OLCHHU-
BacMblil B TPHKJIAABIBAEMOM H3BHE IIOJIE€ (HECTporasi Mepa MpUKIaJbIBAEMOI0 MarHUTHOro mois). U3 ¢wur. 1
SICHO, UTO JITUTENIbHOE yaepkanue B 00braHOM FRC BO3MOXKHO JHITG TipH OOJIBITUX TabapuTax MaIluHBI W/ WIH
CHJIbHOM MarHuTHOM moJie. Pabora FRC-cuctemsl 10 B 06braHOM pesknme FRC oTpaxkaeT TEHIEHITUIO ClieIoBa-
HUsSl OOBIYHBIM TIpaBHJIaM, Kak yka3zaHo Ha ¢ur. 1. Bmecte ¢ TeM BrIcok0dQdekTuBHBIN pexum FRC 3HaunTeh-
HO MPEBOCXOIUT YIOMSHYTBIH PEXKHUM U TOKa3bIBAET, YTO FOPa3/o Jydllee yAEep:KaHUE JOCTIKIMO U 0e3 00JIb-
MmuX rabapuToOB MAIINHBI WM CHIBHBIX MarHUTHBIX mojell. M3 ¢wur. 1 Takxke sicHO: BaKHEE TO, YTO BBICOKOI(-
¢exTuBHBIN pexuM FRC 1o cpaBHEHHIO ¢ OOBIYHBIM PEKUMOM TPHBOIUT K OOJIBIIEMY BPEMEHH yIepKaHUS
IPU COKPAIIEHHBIX pa3Mepax IUIa3Mbl. AHAJIOTHYHBIE TEHICHIMH 3aMETHBI TAaKXKe I BPEMEH yJepKaHHs T10-
TOKa U YHEPIUH, KaK ONUCBIBaeTCs HIke, koTopble B FRC-cucteme 10 Toxe yBemmuunuce B 3-8 pas. CrnenoBa-
TENIBHO, KPYIHBIM JOCTH)KEHHEM BBICOKO3(p(deKkTuBHOTO peknMa FRC siBisieTcsi BO3MOXHOCTh MCIOJIB30BAHUS
HeOOJIBIION MOILTHOCTH ITyYKOB, MEHEE CHIIBHBIX MAarHUTHBIX IOJIEH M MEHBLIMX rabapuToB JUI HOAJCPKKU H
coxpanenus: paBHoBecuii FRC B FRC-cucreme 10 u Oyaymux Oojee MOLIHBIX MallMHAaX. DTHM YCOBEPIICHCT-
BOBAHHSM COIYTCTBYIOT MEHBILIHE 3aTPaThl Ha SKCIUTyaTallMIO U COOPY)KEHHE, a TAK)KE IOHM)KEHHAS TEXHUYE-
CKasl CIIO’KHOCTb.

Jlnst manpHEHIIero cpaBHEHHUS JaHHBIE XapaKTEPHOTO paspsga B BeICOKOd(Q¢ekTnBHOM pekume FRC B
FRC-cucteme 10 nmoka3zans! Ha ¢ur. 18 kak ¢pyHkius Bpemenn. Ha ¢ur. 18(a) n3o0paxeH paguyc HCKII0YaeMO-
rO NMOTOKA B CPEAHEH IIOCKOCTH. Iyl 3THX pa3IBHHYTHIX BPEMEHHBIX PaMOK IPOBOJSIIAS CTalbHAsl CTEHKA
OoJibllle HE SIBISETCS XOPOLIMM CPEACTBOM COXPAHEHHUS IMOTOKA, & MarHUTHBIE 30HIBI MU3HYTPH OT CTEHKH JI0-
TIOJTHEHBI 30HJaMU CHAapy>XH OT CTCHKH JJIsI HaJUIE)XKaIlIero yuera MarHUTHOW An(Qy3nuH MOTOKA CKBO3b CTallb.
[To cpaBHEHHMIO C TUMMYHBIMU PA0OUYNMHU MapaMeTpaMH B OOBIYHOM pEXHMME, TIOKa3aHHBIMHU Ha ¢ur. 13, pexnum
paboThI, COOTBETCTBYIOIINIT BEICOKOAGGekTnBHOMY pexknmy FRC, neMoHCTpHUpyeT BpeMs H3HH, YBEIHUCHHOE
6ouiee yem Ha 400%.

Ha ¢ur 18(b) noka3zan xapaxkTepHsIii Tpaduk cieaa TMHEHHO-UHTETPaIbHON TUIOTHOCTH C €r0 HHBEPTHPO-
BaHHBIM 10 AGenio gomoiHeHneM, a Ha ¢ur. 18(c) - npodumm motHOCTH. [T0 cpaBHEHUIO ¢ OOBIYHBIM PEKUMOM
FRC, nokazannabM Ha ¢ur. 13, Tuiasma sBisiercs 0ojiee CTAaTHIHON Ha BCEM MPOTSHKEHUH UMITYJbCA, YTO CBUIC-
TENBCTBYET O BeChbMa ycToH4mBOW pabote. [IMkoBas MIOTHOCTP HA CHUMKAX BBICOKOI((EKTUBHOTO pEXHMa
FRC taxke HEMHOTO HUXKE, UTO SBIISETCS CIEICTBHAEM OoJbiel (¢ KodpPumenToM yBendeHus 10 2) TOTHOM
TEMITEpaTyphl TIa3MBbl, Kak Mmokazano Ha ¢ur. 18(d).

JIJIs1 COOTBETCTBYIOILETO pa3psiza, MPOMUIIOCTPHPOBAHHOTO Ha (ur. 18, BpeMeHa ynepKaHUs SHEPTUH, da-
ctull 1 motoka coctaBistoT 0,5, 1 u 1 Mc cooTBeTcTBeHHO. B MOMEHT Havana oTcuera 1 MC Mpu BXOXKIECHUU B
pa3psia aKKyMyJIMpOBaHHAsI SHEPTHS TUIA3MBI COCTaBIAET 2 K/’ B TO BpeMsi, Kak IOTEPU COCTABIISIOT TPUMEPHO
4 MBT, 4ro menaer 3TOT 1eNeBOi HAOOp MapaMeTpoOB BeChbMa MOJXOSIIUM JUIS TTOAEPKKH MYYKOB HEHTpaib-
HBIX YaCTHII.
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Ha ¢wur. 19 Bce npenmymectsa BeicokodhpextuBHoro pexknma FRC noapiTokeHsl B popme BHOBB ycTa-
HaBJIMBaEeMOI MacITaOHON MHBapHAaHTHOCTH SKCIEPUMEHTAIBLHOTO YAEp>KaHUs MOTOKA B BHICOKOI(()EKTHBHOM
pexxnme FRC. Kak MoxxHO yBUAETh Ha (ur. 19, Ha OCHOBaHWM U3MEPEHHH, IPOBEACHHBIX J0 M TIOCTIEe MOMEHTA
t=0,5 mc, T.e. xorma t<0,5 mc u t>0,5 Mc, MacIITaObl yaepKaHUs MTOTOKa (M, aHAJIOTHYHO, YACPKAHUS YaCTHIl 1
yAepKaHUs YHEPTHH), TPyOO TOBOPS, 3aBUCAT OT KBajpara TeMIepaTypbl eKTpoHoB (T.) IS 3aHaHHOTO pa-
Jyca CemapaTpuchl. JTO CTpOroe MacmTabupoBaHHe IONOKUTEIFHOW MOIIHOCTRIO cornacHo T, (a He oTpwuia-
TEJBHOW MOIIHOCTBIO) TTOJIHOCTHIO MPOTHBOIOIOXHO TOMY, KOTOpOE IEMOHCTPHUPYETCS OOBIYHBIMH TOKaMakKa-
MU, T/Ie yAep’kKaHHue, Kak MPaBHiI0, 0OpaTHO MPOMOPIHOHATIHHO HEKOTOPOH MOIIHOCTH COTJIACHO TeMIIeparype
anekTpoHoB. [IposBienue 3Toi MacmTabHOW HHBAPUAHTHOCTH SBJISIETCS TPSMBIM CIEICTBHEM COCTOSIHUS BBICO-
koa(dexruBHOTO pesknma FRC u momynanun noHOB Ha opOHTax O0JBIINX paguycoB (T.e. opouTax B Macimrade
tornonornu FRC w/nnm, mo MeHpniel Mepe, TMHEHHOM MaciiTabe rpaJueHTa XapaKTepUCTHIECKOTO MarHUTHOTO
nost). ITo Gonpiiomy cuery, 3Ta HOBas MaciuTaOHass HHBAPHAHTHOCTH CYIIIECTBEHHO OJIaronpHATCTBYET BBICO-
KUM pab04nM TEeMIIEpaTypaM M MO3BOJISIET MOJYIHTh PEAKTOPBI OTHOCUTEIBHO HEOOIBIINX Pa3MEPOB.

[Tpn HanMYMK NpeuMyIIecTB, KOTOphIe aaeT BhicokodddekTuBHbN pexum FRC, noctmxnmo nomnepxa-
HHe win cratudeckoe cocrosinne FRC, Bo30yxaeMoe ImydykaMy HEWTpPaJIbHBIX YAaCTHL, KOTOPOE MOXKET OBITH
TOJIEP’KaHO C TIOMOIIBI0O WHKEKIIMN HaJISKAIINX TaOJETOK, a 3TO 3HAYUT, YTO TJI00ANBHBIE MapaMeTphl IUIa3-
MBI, TAKHE KaK TepMHUYeCKas dHEPIus IUIa3Mbl, o0Mmye KOJMYECTBA YaCTHUIl, PailyC W JJIMHA IUIA3MBL, a TaKkKe
MarHUTHBIH MTOTOK, IMOAIEPIKUBAIOTCS Ha 00OCHOBAHHBIX YPOBHSX 0€3 CyIIECTBEHHOTO cmana. Jlyisi cpaBHEHHS,
Ha ¢ur. 20 moka3aHbl TaHHBIE HA TpaQuKke A, TOJydeHHBIC B PE3yIbTaTe pa3psaaa B XapaKTEPHOM BBICOKOI(D-
tdexruBaOM pesknme FRC na FRC-cucreme 10 xak ¢yHKIUS BpeMeHH, U Ha Tpaduke B mns mpoekTupyeMoro
xapaktepHoro BeicokodddektuBHOTO pexknma FRC Ha FRC-cucreme 10 xak GyHkmms Bpemenu, mpu 3tom FRC
450 nmomnepskuBaeTcs Oe3 Craja Ha BCEM NPOTSDKEHUH UMITyJIbca ITydKa HEeWTpaJIbHBIX YacTHi. i mosrydeHuns
rpaduka A IMyyky HEHTpaJbHBIX YacTHUI] ¢ CYMMapHOHW MOIIHOCTBIO B JHarna3oHe npuMmepHo 2,5-2,9 MBT un-
xkekTupoBand B FRC 460 npu naMTeNnbHOCTH aKTHBHBIX MMITYJIBCOB IIYYKOB IpHUMEpHO 6 Mc. Bpems xusHu
TUIa3MBI KaK TuaMarHeTrnka, oToOpakeHHoe Ha rpaduke A, cocTaBisiio npuMepHo 5,2 Mc. bosee HOBBIe JaHHbBIE
MOKAa3bIBAIOT, YTO MPHU JUTUTEIBHOCTH aKTUBHBIX UMITYJILCOB ITYYKOB IIPUMEPHO 7 MC JIOCTHIXKMMO BpPEMsI )KU3HH
IUIa3MBI KaK JUaMarHeTHUKa, COCTaBISIOIee IPUMEPHO 7,2 MC.

Kak otmeuanocs BeIIe B CB3H ¢ (ur. 16, KOppesus MexXay IIATEIbHOCTBI0 HMITYJIbCOB ITyYKOB H Bpe-
MeHeM u3HN FRC He ABIseTCS COBEPIIEHHON, TOCKOIBKY 3aXBaT IyYKOB CTAHOBUTCS HEA(P(EKTHBHBIM, KOT/Ia
pasMepsl MIa3Mbl MEHBIIIE OTPEJICNICHHBIX, T.€. kKoraa pmudeckue pasmepsl FRC 450 cokpamatorcss 1 HE Bce
WH)KEKTUPYeMble TIYYKH IepeXBaTHIBAIOTCS U 3axBaTbiBatoTca. Cokpamierne pasmepoB FRC mponcxoaut B mep-
BYIO OYepelb U3-3a TOTO, YTO YHCTHIE MoTepHu dHeprun (~4 MBT npuMepHo Ha mommyTH depe3 paspsn) u3 FRC-
TUTa3MBI BO BpeMs paspsiia HECKOJIBKO OOJble, 4eM o0mas MOuHoCTh, noasoanmas B FRC mocpencTsom myd-
KOB HEUTpanmbHBIX yacTull (~2,5 MBT) 17151 KOHKPETHOro 3KCIIEpUMEHTAIbHOr0 3amycka. Kak oTmeuanocs Bblle
B cBs3u ¢ (ur. 3C, HaKJIOHHAS WHKEKIUS U3 mymek 600, CTpesromuX My9KaMyd HEHTPaIbHBIX YaCTHII, K CPe-
Hel IUIOCKOCTH YJy4IIaeT CBsA3b "Mydok-Iuasma" paxe tornaa, korna FRC-ma3ma cokparaercst Mk HHBIM 00-
pa3oM CKUMAeTCsl B OCEBOM HAIpaBICHUH B TEUEHHUE MepHoaa HHxkeKIMU. KpoMe Toro, Haanexamas moJmuTKa
Ta0JIeTKaMH1 TTI03BOJIMT MOAEPKaTh TPEOYEMYIO IIIIOTHOCTD IIa3MBl.

Ha rpaduxe B mpencraBieH pe3ymnbTaT 3TalioB MOACIHPOBAHUS, MPOBEICHHBIX C HCIIOIB30BAHUEM IUTH-
TEJIHHOCTH aKTHBHBIX UMITYJIHCOB MyYKOB MPUMEPHO 6 MC M OOIEeH MOIIHOCTH IMy4KkoB W3 mymiek 600, crpe-
JISTONTUX TTyYKaMW HEUTPaIbHBIX YacTHIl, HECKOJIBKO TIpeBbIaBmiel mpumepro 10 MBT, nmpu 3ToMm mydkn HEi-
TPAJIbHBIX YACTHUI] IPUBEAYT K WHkKeKIuU ObIcTphIX (H) mmm muddysmonusix (D) HEHTpaTbHBIX YaCTHIl C dHEP-
TUeH JacTull mpuMepHo 15 k3B. DKBUBaJICHTHBIH TOK, HH)KEKTHPYEMBIN KaXKIIbIM M3 ITYIKOB, COCTABIISIET TIPH-
MepHo 110 A. Jlng rpaduka B yroim WHXKEKIIMH MyYKOB OTHOCHTEIHHO OCH YCTPOMCTBA COCTABIISUT MPUMEPHO
20°, a neneBoit paguyc - 0,19 M. Yroa HHXKEKIMH MOXKHO U3MEHATH B Ipejenax auanasoHa 15-25°. Ilyuku cie-
JyeT HalpaBJsITh B a3UMYTaJIbHOM HAIpPaBJICHUH TaK, YTOOBI TOKH OBIIM MapajuieIbHBIMU. PaBHOIEHCTBYIOMAS
OOKOBBIX CHJI, a TaKKe PaBHOJCHCTBYIOIIAsl OCEBBIX CHJI, BO3HHMKAIOIINX B PE3YJIbTaTe MYYKOB HEHTPaIbHBIX
YacTHIl ¢ HEKOTOPBIM KOJIMYECTBOM JABIKEHUs, OyIyT MUHUMH3UpOBaThes. Kak u npu nomydennu rpaduka A,
obictpeie (H) HelTpanbHble YacTUIBI MHXKEKTHPYIOTCS. U3 MHKEKTOpoB 600 IMydyKkoB HEHTPaIbHBIX YacTHUI] C MO-
MEHTa, Kor/ia ceBepHas U 1oxHast popmupyromue FRC cimBarores B kamepe 100 ynepskanus B onny FRC 450.

OTansl MOJENUPOBAHHS, TOCTYKHUBIINE OCHOBOH AJIs MOCcTpoeHUs rpaduka B, mpemrycMaTpruBanyu HCHOIb-
30BaHNE MHOTOMEPHBIX AITOPUTMOB PEIICHHUS TOCPEICTBOM MarHuToruapoanHammdeckoro (MI'/]) renepatopa
Xoita Ui MOMYYCHHUS TUIa3MbI 1 PABHOBECHS B COOTBETCTBUH C M3BECTHBIMU METO/IaMH, TTOJIHOCTHIO KHHETHYC-
CKHX aJITOPUTMOB pemeHust MeTooM MouTe-Kapio 1yt COCTaBIsAIOMMX HHTEHCHUBHBIX ITyYKOB M BCEX IIPOIIeC-
COB paccesHHs, a TAKKE HCIOJIB30BAHNE CHCTEMBI YPAaBHEHUH I BCEX CEMEICTB IUTa3MBI C IENBI0 MOACTHPO-
BaHMsl MHTEPAKTHBHBIX IIPOLIECCOB MOTEPh. TpPaHCIOPTHBIE KOMIOHEHTH! SMITUPHUYECKH KaJMOpOBaHBI M OTMe-
YeHBI peliepaMu 10 OTHOIICHHIO K 3KCIIEpUMEHTAIbHON 0a3e TaHHBIX.

Kak moxazano nocpezactBoMm rpaduka B, cpok ciyObl 1namMarHeTHKOB B YCTaHOBHBIIEMCS COCTOSIHUH
FRC 450 6yner paBeH ANMTEIFHOCTH UMITYJIbCa ITydKa. BMecTe ¢ TeM, Ba)KHO OTMETUTb, YTO KIIIOYEBOH KOppe-
JSIIMOHHBIN Tpaduk B mokaseiBaer, 4To KOTAa IyYKH OTKIIIOYAloT, mia3Ma mwin FRC HaumHaeT cragaTh B 9TOT
MOMEHT, HO HE paHbllle. JTOT CNaj aHAJOTMYEeH HaOJIIogaeMoMy IpH paspsnax, KOTOphle HE CTUMYIHPYIOTCS
My4IKaMH, - BEPOSTHO, TI0 HCTEUYCHUH HOPsIIKa 1 MC Iociie MOMEHTa OTKIIIOYCHHS, - M IIPOCTO OTPAXKaeT Xapak-
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TEPUCTUUECKOE BpeMsl yAep>KaHus IIIa3Mbl, BO30YKJaeMoH mporieccaMn cOOCTBEHHBIX ITOTEPb.

Xotst m300peTeHne JOMyCKaeT pa3indHble MOIU(HUKAIMK M albTePHATHBHBIC (JOPMBI, JHIIb KOHKPETHBIE
€ro IpUMepHI ITOKa3aHbl Ha YepTekax M IMOAPOOHO OmMcaHbI Beimie. BmecTe ¢ TeM cieayeT moHATh, 4To U300pe-
TEHHE HE OTPAHMYUBAETCS PACKPBITBIMUA KOHKPETHBIMU (pOpMaMH W crtoco0amMu; Ha000pOT, H300peTeHne Clie-
IyeT CYNTATh OXBATHIBAIOUINM BCE MOAM(DUKAIINN, SKBUBAJIICHTHl U albTEPHATHUBBI, HAXOIIIINECS B PAMKaxX Cy-
mecTBa 1 00beMa TPUTA3AHUN TIpHIaraeMoit GopMyITbl H300pEeTEeHUSI.

B BBIIIEH3N0KEHHOM ONMCAHUN, KOHKPETHAs! COBOKYITHOCTD NPU3HAKOB MPUBOJUTCS JIUIIB B IENAX TOSIC-
HEeHHA, 00eCTICYNBAIOIIET0 IOJTHOE TIOHUMaHNE JaHHOTO H300peTeHns1. BMecTe ¢ TeM crennanucT B JaHHOH 00-
JACTH TEXHUKW MOWMET, YTO AT KOHKPETHBIC MOJAPOOHOCTH HE SIBJISAIOTCS OOS3aTENBHBIMH JUIS BOTUIOLICHUS
JTAHHOTO M300pETEeHNs Ha MPAKTHUKE.

PaznnyHble MPHU3HAKU U3 XapaKTEPHBIX NPUMEPOB U 3aBHCHUMBIX ITyHKTOB ()OPMYJIBI H300pETCHUSI MOXKHO
00BEANHATD CIIOCO0AMH, HE MEPEUUCIIEMBIMH KOHKPETHO M B SIBHOM BHJIE, C LIENbI0 OOEcCIedYeHHs JIOTOTHHU-
TEJIBHBIX TOJIE3HBIX BAPUAHTOB OCYIIECTBICHHS MPUHIUIIOB JaHHOTO N300peTeHus. Taxke SBHO BUAHO, YTO BCE
JIana3oHbl 3HAYCHNUH WM YKa3aHUs TPYNIT 00BEKTOB PAaCKPBIBAIOT KaX/10€ BO3MOXKHOE IIPOMEKYTOYHOE 3HAUE-
HHUE TN KaXIBIH IPOMEKYTOUHBINH O0OBEKT C IEIhI0 OOBIYHOTO OIMCAHUS, a TAKOKE C IENIBI0 OTPAHUICHUS 3asB-
JISIEMOTO 00BEKTa N300pETEHUSI.

[IpensoxxeHsl CUCTEMBI M CITOCOOBI TeHepUpoBaHus U noanepxkanus FRC, paboTarommx B BEICOKOIPPeK-
tuBHOM pexkume FRC. [ToHATHO, 9YTO BapHaHTHl OCYIIECTBICHUS, OMTUCAHHBIC 3/1€Ch, IIPUBEICHBI C LENBIO TOsC-
HEHHA M HE JOJDKHBI CUATATHCA OTPaHWYMBAIOIIUME OOBEKT m300peTeHus. i crienuanicTa B 00JIacTH TeXHH-
K OyAyT OYEBHIHBI pa3IHIHbIC MOAWGMUKAIIUH, TMPUIOKCHUS, 3aMECHBI, KOMOMHAIINHN, YCOBEPIICHCTBOBAHMS,
CIIOCOOBI MOJYyYEHHs, HaXOAsIIrecs B paMKax 00beMa NPUTA3aHUH WM CyILIecTBa JaHHOrO u300pereHus. Ha-
IpUMep, YUTATENb JOJDKEH MOHATh, UTO KOHKPETHBIM MOPSJOK U COBOKYNHOCTh TEXHOJOTHUECKUX OIEpaluid,
OIIMCaHHBIE 3/1€Ch, SBIISIOTCS JIMIIb HWJUTIOCTPATUBHBIMH, €CIIM HE YKa3aHO MHOE, a M300peTeHne MOXKHO OCyIIle-
CTBUTb C MCIHOJb30BAHHUEM OTIMYAIOIIUXCA WM JOMOJHUTEIbHBIX TEXHOJOTMYECKHUX ONEepaluil uium Apyrou
COBOKYITHOCTH JIN0O TOpsIIKa TEXHOJOTHYECKHX olepaluii. B xadecTBe emie oJHOTO HMpUMEpa OTMETHM, YTO
KaXIIpIi MIPU3HAK OJHOT'O BapHaHTa OCYIIECTBIICHHUS MOXXHO COYETAaTh M COTJIACOBBIBATH C APYTHUMH MPHU3HAKA-
MU, IPUBEACHHBIMU B JPYTUX BapHaHTax ocyIiecTBiIeHus. [Ipu keTaHnn MOXKHO TakkKe MPeayCMOTPETh HaJH-
YHe MPU3HAKOB M MPOIECCOB, M3BECTHRIX OOBIYHBIM CIeIHANUCTaM. [[oMIMO 3TOr0, OYEBHIHO, YTO TIPH XKeJa-
HUH MPU3HAKA MOXXHO BHOCHTH WX HCKIIOYaTh. COOTBETCTBEHHO HM300pETCHHE HE OTPAHMYMBACTCS HUYEM,
KpPOME TOTO, YTO M3JIO’KEHO B IIpHiIaraeMoi popmyie n300peTeHus 1 ee YKBUBaJICHTaX.

B oxHOM acmekte HacTOSIIET0 N300PETECHNS MPEIOKEH CIOcO0 TeHEPUPOBAHUS M TIOAIEPKAHNUS MarHUT-
HOTO TI0JIS C TIOMOIIBI0 KOH(UTyparwu ¢ oopamenHsM nosieM (FRC), Bkirouaromuii B cedst atansl popMupoBa-
Hust FRC Bokpyr mina3msel B kamepe yaepxanus u nogaep:kanuss FRC Ha uay npuMepHO Ha IOCTOSIHHOM 3Hade-
HHUHM 0e3 craja IyTeM MHKEKLUH ITyYKOB OBICTPhIX HEHTPAIbHBIX aTOMOB M3 HH)KEKTOPOB ITyYKOB HEHTPaIbHBIX
yactul B FRC-nna3smy 1o HEKOTOPBIM yIIoM K CpeiHel MI0CKOCTU KaMephl yAepKaHHUs.

CornacHO OZTHOMY BapHaHTy OCYIIECTBIIEHUsI CIIOCOO JOMOJHUTENIBHO BKJIIOYACT B ceOsl ATall TeHEpHPOBa-
HUSI MAarHUTHOTO TOJI1 BHYTPU KaMephl ¢ MOMOINBIO KATyIIEeK KBA3UIIOCTOSHHOTO TOKA, IPOCTUPAOLINXCS BO-
KPYT KaMep&Hl.

CornacHO OZJHOMY BapHaHTy OCYIIECTBICHHUS CIIOCO0 JOMOIHUTENFHO BKIIIOYAET B ce0sl 3Tal reHepupoBa-
HUS 3epKaJIbHOTO MarHUTHOTO IOJIS B TMpeesiaX MPOTHBOIIOIOKHBIX TOPIIOB YIIOMSIHYTOH KaMephl ¢ TIOMOIIBIO
3epKaITbHBIX KAaTYIIEK KBa3UTIOCTOSHHOTO TOKA, MPOCTUPAIOIINXCS BOKPYT MPOTHUBOIIOJIIOKHBIX TOPIIOB 3TON Ka-
MEpEI.

CoracHo elie 0JJHOMY BapHaHTy ocyiiectBieHus stan Gopmuposanus FRC Bkimodaer B cedst popmupo-
Banue (opmupytomeit FRC B ¢opMupyromel cekiyu, CBI3aHHON ¢ TOPIIOM KaMephl YAEpXKaHUs, H YCKOPEHHUE
tdbopmupyromeit FRC k cpenneit muockoctu kameps 1iist popmuposanus FRC.

CornacHO OJJHOMY JIOTIOJIHUTEILHOMY BapHaHTY ocymiecTBieHus stan Gopmuposanus FRC Bxiodaer B
cebst popmupoBanue Bropoit Gopmupyromeir FRC Bo BTOpoi#l opMupYIOIIEH CEKIIUU, CBSI3aHHOW CO BTOPBIM
TOPLIOM KaMephl ynepkaHus, U ycKopeHue BTopoil ¢opmupyromedn FRC k cpepHed mIockocTH yrnoMsHYyTOH
kaMmepsl, T1e ase Gopmupytontue FRC couBatorcs mst popmuposanus FRC.

CormnacHo emie OZHOMY JOTIOJHUTEIHHOMY BapHaHTY OCYIIECTBICHH 3Tan (opmupoBanus FRC Bxiroya-
eT B cebs omHo U3 popmuposanus hopmupyomeid FRC ¢ ogaoBpemeHHBIM yekopeHreM hopmupyromei FRC
CpenHel TUIOCKOCTH YITOMSIHYTOH Kamepbl U ¢hopmupoBanus Gopmupytomieir FRC ¢ mocnenyromuM yckopeHneM
dhopmupyromeit FRC k cpemHeit miockocTr 3TOH KaMepBhl.

CornacHO 0AHOMY BapHaHTy OCYIIECTBICHHUS CIIOCO0 JOMOTHUTEIRHO BKIIIOYAET B ce0s dTal HAMIPaBICHUS
HOBepXHOCTe MarHuTHOro noroka FRC B 1uBepTOpHI, CBSI3aHHBIE C TOPLAMU (OPMHUPYIOIIUX CEKIHH.

CoracHo elie 0THOMY BapHaHTY OCYLIECTBIICHHUS CIIOCO0 JOMOIHUTEIBFHO BKIIIOYAET B ce0sl 9Tall HAIPaB-
JICHHsI IOBEPXHOCTEeH MarHuTHOTO otoka FRC B quBepTOp, CBA3aHHEIN ¢ TOPIIOM (POPMHUPYIOIICH CEKITHH.

CoracHo ele 0JHOMY BapHaHTY OCYLIECTBIICHHUS CIIOCOO JOTOIHUTEIBHO BKIIOYAET B c€0sl ATall HAIPaB-
JIeHHs TOBEpXHOCTeN MarHuTHOro notoka FRC Bo BTOpOil AMBEPTOp, CBA3aHHBIN C TOPLIOM YIOMSHYTOH Kame-
PBI HANPOTUB (POPMHUPYIOIIEH CEKIHH.

CormnacHo erie 0OJHOMY BapHaHTy OCYIIECTBICHHUS CIIOCO0 JOTOTHUATENHFHO BKIIIOYAET B ce0sI 3Tal reHepH-
POBaHUS MarHWTHOTO TIOJIA B TpeAenax GOpPMHUPYIOMINX CEKIUH W AUBEPTOPOB C TIOMOIIBIO KATYIIEK KBa3HIIO-
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CTOSIHHOTO TOKa, IPOCTHPAIOLINXCS BOKPYT (POPMHUPYIOLINX CEKIMH 1 JUBEPTOPOB.

CoracHo elie 0JHOMY BapHaHTy OCYLIECTBIICHHS CIIOCOO JOTOJHUTEIBHO BKIIIOUAeT B ce0sl 3Tan reHepu-
POBaHUS 3€pPKATbHOTO MATHUTHOTO TOJI MEXIY (GOPMHUPYIOMNUMH CEKIUSIMH M AUBEPTOPAMH C ITOMOIIBIO 3ep-
KaJIbHBIX KaTYIIEK KBa3HIIOCTOSHHOTO TOKA.

CoracHo ele 0JHOMY BapHaHTy OCYILIECTBJICHHS CIIOCOO JOMOIHUTEIBHO BKIIFOUAET B Ce0s 3Tall reHepH-
POBaHMS MarHUTHOTO IOJISI 3€PKAJBHBIX MPOOOK B MpPEAENax CYKEHHS MEXIy (OPMHUPYIOIIMMH CEKIMAMH U
JUBEPTOPAMHU C MOMOINBIO 3€PKAJIbHBIX MPOOOYHBIX KATyIIEK KBA3WUIIOCTOSHHOTO TOKA, MPOCTUPAIOIIUXCS BO-
KPYT CY>K€HHS MEXIy (POPMUPYIOLIIMMHU CEKLISIMU U AUBEPTOPAMH.

CornacHo elle 0OAHOMY BapUaHTy OCYIIECTBIEHUS 3Tan nopjepxanus FRC nomomHUTENbHO BKIIOUAET B
ce0s1 aTarn MHKEKTUPOBaHHS TaOJICTOK HeHTpaIbHBIX aToMoB B FRC.

CoracHo elie 0JHOMY BapHaHTy OCYLIECTBJICHHS CIIOCO0 JTOMOJHUTEIBHO BKIIIOUAaeT B ce0sl 3Tan reHepu-
POBaHMS OTHOTO M3 AWUMOJIBEHOTO MarHUTHOTO TIOJIST M KBAIPYIOJILHOTO MarHUTHOTO TIOJIS1 BHYTPH KaMepsbl ¢ I10-
MOIIBIO OTKIOHSIOIUX KAaTYyIIEK, CBA3aHHBIX C KAMEPOil.

CoracHo erie 0JJHOMY BapHaHTy OCYIIECTBIECHHs CI0co0 JOMOIHUTENEHO BKIIOYACT B Ce0sl 3Tal KOHAU-
[IMOHWPOBAHNUS BHYTPECHHUX [TOBEPXHOCTEH KaMephl, (HOpMHUPYIOINX CEKIUNA U JUBEPTOPOB C MOMOIIBIO CHCTE-
MBI TETTEPUPOBAHMUS.

CoracHo ele 0JHOMY BapHaHTY OCYIIECTBIICHHUS CHCTEMa FeTTEPUPOBAHUS BKIIOYAET B ce0s OJHY U3 CH-
CTEMBI OCaKACHHS TUTaHA M CHCTEMBI OCAXKICHUS JTUTHSL.

CoracHO eIie 0JHOMY BapHaHTY OCYILIECTBICHHS CIIOCO0 TOTOJHUTENIBLHO BKIIIOUAET B CEOsI 3Tall OCEBOH
uHKeKnuu 1m1a3Msl B FRC 13 ycTaHOBIEHHBIX B OCEBOM HAINIPABICHUH IUIA3MEHHBIX ITyIICK.

CoracHo enie 0JHOMY BapHaHTY OCYIIECTBIICHHUS CIIOCO0 JOTOJHUTEIBHO BKJIIOYAET B ce0s ATal KOHTPO-
TS paMaIbHOTO IPOGUIIS AIEKTPUIECKOTo 1Mol B TpanndHoM cioe FRC.

CoracHo elie 0JHOMY BapHaHTy OCYLIECTBIICHHS 3Tall KOHTPOJIS PaJHaIbHOTO IPO(UIIS IIEKTPHIECKOTO
nois B rpaHndHoM cioe FRC BkirouaeT B ce0s HAIOKEHHE PACIpeelIeHUs DIIEKTPHUYECKOro MOTEeHIHala Ha
rpymniy nosepxHocteit oTkpbIToro noisd FRC ¢ moMomsio OTKIOHSIOMNX 3IEKTPOIOB.

Bo BTOpOM acrekTe HaCTOSIIET0 H300pETEHNUS PEIUIOKEHA CUCTEMA [Tl TEHEPUPOBAHNS U MOICP KaHUSA
MarHiTHOTO TOJIS ¢ TIOMOIIIBIO KoHpuUTypamuu ¢ oopameHHsM mosieM (FRC), conepkamas kamepy ynep>kaHus,
MEPBYI0 U BTOPYIO AWAMETPAIbHO MPOTHUBOMONOXKHBIE (Gopmupyromue FRC ceknuu, cBs3aHHBIE C KaMepou
yIepKaHUs, pudeM (HOpMHUPYIOIIasi CEKIUS COAEPKUT MOAYJIbHbIE ()OPMUPYIOIINE CUCTEMBI IJIs1 TeHEpHpPOBa-
aust FRC n nmoctynatensaoro nepememenuss FRC k cpemqHeit TuIockocTH KaMephl yep KaHus, IEPBBIA U BTOPOU
JVBEPTOPHI, CBS3aHHBIC C MEPBON M BTOPOH (YOPMHUPYIOIIMMHU CEKLUSIMHU, NIEPBYIO U BTOPYIO OCEBBIE ILUIA3MEH-
HbIE TYIIKH, (YHKIMOHAIBLHO CBSA3aHHBIE C IIEPBBIM U BTOPHIM JUBEPTOPaMH, NEPBOH U BTOPOH (GpopMHUpYIOIIN-
MH CEKIMSMH M KaMepol y/ep>KaHUs, MHOXKECTBO MHXKEKTOPOB ITyYKOB HEHTPaIbHBIX aTOMOB, CBSI3aHHBIX C
KaMepoH ynepaHus U OPUCHTHPOBAHHBIX C BO3MOXHOCTBHIO WHXKEKIIMU ITyYKOB HEWTpaIbHBIX aTOMOB K Cpell-
HeW TUIOCKOCTH KaMephl yep KaHHs MO MEHBIINM YTJIOM, YeM MPSMOH K TPOJOJIEHOI OCH KaMepsl yIep KaHus,
MarHuUTHYI0 CHCTEMY, COJEPIKAILIyI0 MHOXECTBO KAaTYIIEK KBA3UIOCTOSHHOIO TOKA, PACHOJOXEHHBIX BOKPYT
KaMepsl yIepskaHus, IIepBOil U BTOPOil GOPMHUPYIOMINX CEKIMH M IIEPBOTO M BTOPOTO JTUBEPTOPOB, MEPBHIN H
BTOPOH HAOOPBI 3€PKANBHBIX KaTyIIEeK KBa3UIIOCTOSTHHOTO TOKA, PACIIOJIOKEHHBIE MEXKy KaMepol yAep>KaHus U
HEePBOi ¥ BTOPOH (YOPMUPYIOIIMMHU CEKIUSIMH, IEPBBIC M BTOPBIE 3€PKATbHBIC TIPOOKH, PACHIONOKEHHBIE MEKILY
HEepBOM M BTOPOH (OPMUPYIOUIMMHU CEKLIUSIMUA U TMEPBBIM U BTOPHIM JUBEPTOPAMH, CUCTEMY T'€TTEpPHPOBAHNS,
CBSI3aHHYIO C KaMEPOW yIepKaHUs U IIEPBbIM U BTOPBIM AWBEPTOPAMH, OAUH HIH 00Jiee CMEIAIONINX 3IIEKTPO-
JIOB JUTSI JICKTPUIECKOTO CMEIICHHS TTOBEPXHOCTH OTKPBITOTO Mo TeHepupyemoir FRC, mpuaeM ynoMsiHY ThIH
OJMH Win 0oJiee CMEINAIONINX AJIEKTPOIOB PACIIONIOKEHBI BHYTPH OJHOTO MM Oojiee M3 KaMephl yAepsKaHus,
NepBO ¥ BTOPOH (POPMUPYIOLINX CEKLIUI M NEPBOTO U BTOPOTO JTUBEPTOPOB, ABE MM O0Jiee OTKIIOHSIOINX Ka-
TYIIEK, CBSI3aHHBIX C KAMEPOH y/AEpXKaHUS, U HH)XEKTOP MOHHBIX Ta0JIETOK, CBI3aHHBIM C KAMEPOH yIepKaHusl.

CornacHO OZHOMY BapHaHTy OCYILIECTBJICHHS CHCTEMa BBHIITOJHEHA ¢ 00eCIeYeHHEM BO3MOXHOCTH I'eHe-
puposanust FRC u nonnepsxanns FRC Ha mim npuMepHO Ha MOCTOSIHHOM 3Ha4YeHWH 0e3 cnaja, B TO BpeMs Kak
My4YKU HEUTpalIbHBIX aTOMOB HHXKeKTUpYyroTcs B FRC.

CornacHO OZJTHOMY BapHaHTy OCYIIECTBICHUS 3epKasibHas MPOOKA COAEPKUT TPETUI M YSTBEPTHII HAOOPEI
3epKaJIbHBIX KaTyIIEK MEKAY KaKABIMU U3 IIEPBOH U BTOPOI (POPMHUPYIOIMINX CEKLUH U MIEPBOTO W BTOPOTO AHU-
BEPTOPOB.

CornacHO OHOMY BapHaHTy OCYLIECTBIICHHS 3€pKaibHasi MpoOKa IOMOIHUTEIBHO COAEPKUT HAbop 3ep-
KaJIbHBIX MPOOOYHBIX KaTyIIEK, OOBHTBIX BOKDPYT CyKCHHUS B KaHAJIEe MEXIy KaKOBIMH U3 NEPBOH M BTOPOH
(hOopMHPYIOLINX CEKIMH 1 MEPBOTO M BTOPOTO AUBEPTOPOB.

CornacHo emie oJHOMY BapHaHTY OCYLIECTBIICHHS YHJIMHEHHAs TpyOa IpeacTaBisieT coOoil KBapIEBYIO
TpyOy ¢ KBapueBoi GpyTepoBKOH.

CornacHo elie 0JHOMY BapHaHTY OCYHIECTBICHHS (POPMHUPYIOLINE CHCTEMBI SIBIIIOTCS (OPMHUPYIOIINMH
CHCTEMaMH UMITYJILCHOTO ITUTaHHUSI.

CoracHo elie 0JJHOMY BapHaHTy OCYIIECTBICHUs (POPMHUPYIOIIUE CUCTEMBI COJIepKaT MHOXKECTBO OJIOKOB
MUTaHKS ¥ YIPABJICHUsS, CBSI3aHHBIX C OTIEIbHBIMU Y3J1aMH U3 MHOXKECTBA Y3JIOB IOJBECKH JJISI BO30YKACHHA
Ha0Opa KaTyIIeK OTAENBHBIX y3JI0B U3 YHNOMSHYTOTO MHOXECTBA y3JIOB MOJBECKU, OOBUTHIX BOKPYT yIUIMHEH-
HOW TpYOBI TIEPBOH U BTOPOH (POPMHUPYIOMIMX CEKITHH.
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CoracHo elie 0IHOMY BapHaHTy OCYILIECTBICHUS OTJEIbHbBIC OJIOKH U3 YIIOMSHYTOTO MHOXKECTBA OJIOKOB
MUTAHUS U YIIPABICHUS COCPIKAT CUCTEMY 3aITyCcKa U YIPABICHHUS.

CormnacHo emie 0JHOMY BapHaHTy OCYIICCTBICHUS CUCTEMBI 3aITyCKa M YIPABICHUS OTICIBHBIX OJIOKOB M3
YIOMSHYTOTO MHOKECTBa OJIOKOB MHUTAHHS M YIPABJICHUS BBHIITOJHEHBI C BO3MOXHOCTBIO CHHXPOHHU3AINH IS
obecrieuenns cratmdeckoro ¢opmupoBanus FRC, nmpuuem FRC dopmupyercs, a 3aTeM HHXEKTHPYETCS, WA
nmuHamudeckoro Gopmuposanus FRC, mpuiuem FRC ogHOBpeMeHHO hopMHUpyeTCs U MOCTYATENBHO TIepeMenia-
eTCsL.

CornacHo eme OJHOMY BapHaHTy OCYIIECTBICHHS YHOMSHYTOE€ MHOXKECTBO HWH)KEKTOPOB IIYYKOB HEH-
TPaJbHBIX aTOMOB COACPIKUT OIMH HIIH 00Jee MHKCKTOPOB IMyYKOB HEWTPAJIbHBIX aTOMOB C UCTOYHHKaMu BU-
TUTA3MBI U OJTUH WK 00JIee MHIKEKTOPOB ITYYKOB HEHTPAILHBIX aTOMOB C JYTOBBIMUA HCTOUYHUKAMH.

CormnacHo elie 0JJHOMY BapHaHTY OCYIICCTBICHHUS MHOKECTBO HH)KEKTOPOB ITYYKOB HEHTPAITBHBIX aTOMOB
OPUCHTHPOBAHHBI TaK, YTO TPAKTHl WH)KCKIIMU HAIpaBlicHbl TaHTreHIUANEHO K FRC ¢ 1eneBoii 30HOM 3axBata B
npenenax cenaparpucsl FRC.

CoracHo elie 0JJHOMY BapHaHTy OCYILECTBICHHs CHCTEMa TeTTEPUPOBAHUS COJIEPKUT OHY WU OoJee u3
CHCTEMBI OCAXKICHUS THTAaHA M CHCTEMBI OCAXICHMS JIMTHSA, KOTOPHIE IMOKPHIBAIOT OOpaIleHHbIe K IUIa3Me Mo-
BEPXHOCTH KaMephl AP KaHUSI U IEPBOTO U BTOPOTO TUBEPTOPOB.

CornacHo emie 0OJHOMY BapHaHTy OCYIIECTBICHHS CMEUIAIOIINE 3JIEKTPOIBI BKIIOUAIOT B ceOs OJUH WM
6oee U3 OHOTO WK OOJIee TOYEUHBIX AIEKTPOAOB, PACIIONOKEHHBIX BHYTPH KaMephl yepKaHuA Uil KOHTAaKTa
C CHJIOBBIMH JINHUSIMH OTKPBITOTO TOJISI, HA00Pa KOJBIIEBIX MIEKTPOAOB MEXITy KaMEepOr yaep>KaHHs U IIepPBO
1 BTOPOH (pOPMHUPYIOIIMMH CEKITUSAMH ISl a3UMYTAIbHO-CUMMETPHYIHOHN 3apsIKi YIAJCHHBIX OT TPAHHUIIBI CJIO-
€B IMOTOKa, MHOXKECTBA KOHIICHTPUYCCKUX YIOKCHHBIX B MAKET JICKTPOIOB, PACIIONIOKEHHBIX B IIEPBOM H BTO-
POM IUBEpTOpax JUIS 3apsAAKH MHOKECTBCHHBIX KOHIICHTPHUYCCKHX CJIOCB MOTOKA, a TAKXKE aHOJOB IIa3MEHHBIX
MYIIEK JUIS IEpeXBaTa OTKPBITOrO TIOTOKA.

B TpeTheM acrmiekTe HACTOSIETO M300PETEHUS MPEUIOKEHA CUCTEMA I TCHEPUPOBAHUS U O ICPIKAHHS
MarHUTHOTO TIOJISI ¢ TIOMOIIbI0 KoH(purypanuu ¢ oopareHasiM mosieM (FRC), comepikariias kamepy yaepKaHus,
MEPBYI0 U BTOPYIO JAWAMETPAIBFHO NPOTHBOIONOXKHBIE (opmupyromue FRC cexmmm, cBs3aHHBIE ¢ KaMmepoi
yAepKaHusl, IEPBBI U BTOPOU TUBEPTOPHI, CBA3aHHBIE C IMEPBOM M BTOPOU (DOPMHUPYIOIIMMH CEKIIVSIMH, OIHO
i 6oee U3 MHOXKECTBA TUIa3MEHHBIX MYIIEK, OJHOTO WK 00Jee CMEIAIOMNX YJIEKTPOOB U IEPBOH U BTOPOH
3epKaIbHBIX IPOOOK, MIPUIEM YIOMSHYTOE€ MHOXECTBO IIJIa3MEHHBIX ITyIIEK BKIIIOYAaeT B ce0s IEPBYIO U BTOPYIO
OCEBEIC IJIA3MEHHBIC MTYIIKH, (DYHKIIMOHAIHHO CBSI3aHHBIE C TIEPBBIM U BTOPBHIM AMBEPTOPAMH, IIEPBOK U BTOPOH
(hOpPMHUPYIOIIUMH CEKIMAMH W KaMepoH yAep)KaHUs, NPH 3TOM YHOMSHYTHIE OAWH WIH 0OJiee CMEIIAfoIIIX
3JIEKTPOJIOB PACIOIOKECHEI BHYTPH OJHOTO HIIH O0Jice U3 KaMephl yAep KaHuUs, IEPBOH U BTOPOH (HOPMHUPYIOIIUX
CEKIUIf ¥ TIEPBOTO W BTOPOTO IMBEPTOPOB, U MPHU STOM IIEPBas M BTOpPas 3¢pKaIbHBIC MPOOKU PACIIONOKCHEI
MEXKIy MEPBOI M BTOPOI POPMHUPYIOIIMMHU CEKIUSIM H IIEPBBIM U BTOPBIM JTUBEPTOPAMHE, CUCTEMY TeTTePHPOBa-
HUS, CBSI3aHHYIO C KaMEpOH yJep>KaHUsA U TEPBBIM U BTOPBIM JAMBEPTOPAMHU, MHOXKECTBO WH)KEKTOPOB ITYYKOB
HEUTpaJFHBIX aTOMOB, CBSI3aHHBIX C KaMEpOW YACpKaHUS U OPUCHTHPOBAHHBIX TEPICHIUKYISIPHO OCH KaMephl
yACpKaHUsI, 1 MATHUTHYIO CUCTEMY, COJICPKAIYI0 MHOKECTBO KaTYIICK KBa3UITOCTOSTHHOTO TOKA, PACIIOJIOKCH-
HBIX BOKPYT KaMephl yAep:KaHH, IePBOU B BTOPOI (HOPMUPYIOIINX CEKIIMK U IIEPBOTO M BTOPOTO JHBEPTOPOB,
MepBBIA ¥ BTOPOH HAOOPHI 3epKaNbHBIX KATYIIEK KBA3HIIOCTOSHHOTO TOKA, PACIHOJIOXEHHBIE MEXKIY Kamepou
yAepKaHUsS U MEPBOI M BTOPOIl (POPMUPYIOIMMMHI CEKIMSAMH, IIPH 3TOM CHCTEMa BBHITIOJIHEHA ¢ 00ecredeHIEM
BO3MOHOCTH TeHepupoBanus FRC u mognepkanus FRC 6e3 crmaga, B TO BpeMs Kak IMydKH HEUTpaJIbHBIX Yac-
THUI] HH)KEKTHPYIOTCS B IIa3My.

CornacHo 0JJHOMY BapHaHTy OCYIICCTBJICHHUS CUCTEMa BBIMOJIHCHA C BOBMOXKHOCTBIO TeHepupoBanus FRC
u nojaepxkanus FRC Ha wiu mpuMepHO Ha MMOCTOSTHHOM 3HaYCHHUHM 0€3 Craja, B TO BpeMs KaK ITyYKH HEHTpPab-
HBIX aTOMOB HHXekTupyrorcs B FRC.

CornacHO 0JJHOMY BapHaHTy OCYIIECTBJICHHUS 3epKalibHas MPOOKa COMEPKUT TPETUI U YECTBEPTHIH HAOOPHI
3epKATBHBIX KATYIICK MEXKIY KaKIBIMU U3 MEPBON U BTOPOH (POPMHUPYIOIIMX CEKI[UH U MEPBOTO U BTOPOTO JTH-
BEPTOPOB.

CormnacHo emie OZHOMY BapHaHTY OCYIIECTBICHHS 3epKalbHas MPOOKa JOMOIHHUTEIBEHO COACPKUT HAOOP
3epKaJIbHBIX MPOOOYHBIX KaTYIIEK, OOBUTHIX BOKPYT CY)KEHHUS B KaHAJIEe MEKIY KaKIBIMH W3 TIEPBOM M BTOPOM
(hopMUPYIOIINX CEKINH U TIEPBOTO U BTOPOTO TUBEPTOPOB.

CornacHO 0OTHOMY BapHaHTy OCYIIECTBIICHHS CHCTEMa JOTOIHUTENHFHO COACPKUT IEPBYIO U BTOPYIO OCe-
BbIC IUTA3MEHHBIC IYIIKH, (PYHKIIMOHAIBHO CBSI3aHHBIC C MEPBBEIM M BTOPHIM IHBEPTOpPAMH, MEPBOM M BTOPOU
(hOpMUPYIOIINMHE CEKIIUSIMH U KaMEePOH yIepKaHHS.

CornacHO OIHOMY BapHaHTY OCYIIECTBJIICHHUS CUCTEMa JOTOIHHUTENBFHO COACPXKHT JIBE MM OoJiee OTKIIO-
HSIOIINE KaTYIIKH, CBI3aHHBIC C KAMEPOH yIep:KaHUs.

CornacHo OJJHOMY BapHaHTY OCYIIECTBJICHUS CHCTEMa JIOMOJHUTEIBHO COJACPKUT WHKEKTOP HOHHBIX Ta0-
JICTOK, CBSI3aHHBIN C KAMEPOH yIep KaHuUs.

CoracHo elie 0JJHOMY BapHaHTy OCYIIECTBICHUsI ()OPMHUPYIOIIAsl CEKIHS CONEPKUT MOIYIbHBIE (POPMU-
pytommue cucteMsl it renepupoBanust FRC u ee moctynarensHOro nepeMerieHus K cpetHel MI0OCKOCTH Kame-
PHI yOep KaHusI.

CornacHo emie 0OJHOMY BapHaHTy OCYIIECTBICHHS CMEUIAIOIINE 3JIEKTPOIBI BKIFOYAIOT B ceOs OJUH WM
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OoJiee U3 OJTHOTO WK OO0JIee TOYCYHBIX AICKTPOAOB, PACIIONIOKEHHBIX BHYTPH KaMephl yIepKaHUS U KOHTAKTa
C CHJIOBBIMH JIMHUSIMH OTKPBITOTO TOJIsI, HA00Pa KOJBIIEBBIX JIEKTPOAOB MEXKIy KaMEepOU yAep:KaHHs U MEPBOM
¥ BTOPOH (POPMHUPYIOMIMMH CEKITUSAMHE IS a3UMYTATbHO-CUMMETPHYIHOHN 3apsIKi YIAJCHHBIX OT TPAHHUIIBI CJIO0-
€B ITOTOKA, MHOKECTBAa KOHIIEHTPHUECKUX YJIOKCHHBIX B MTAKET IEKTPOIOB, PACIIONOKEHHBIX B IIEPBOM H BTO-
POM IUBEpTOpax IJIS 3apsiAKM MHOKECTBEHHBIX KOHIIEHTPUYIECKHX CJIOEB TIOTOKA, a TAKXKE aHOMIOB IUIA3MEHHBIX
MyIIEK JUI IepeXBaTa OTKPHITOTO TIOTOKA.

DOOPMYVYIJIA N30BPETEHUA

1. Cucrema reHepupOBaHUs M NOAJEP KaHMS MarHUTHOTO TIOJIST C TTOMOIIbI0 KOH(HTypanuu ¢ oOpamieH-
ueM iosieM (FRC), conepxamas

KaMepy yAepKaHus,

MIEPBYIO U BTOPYIO IHAMETPaIbHO NMPOTHBOMONOXKHBIE (popmupyromue FRC-ceknun, cBsi3aHHBIE C KaMe-
poit yepxxaHusi,

TIEPBBINA U BTOPOU TUBEPTOPHI, CBI3aHHBIEC C TIEPBON U BTOPOH (DOPMHUPYIOIIUMH CEKITUSIMH,

MIEPBYIO U BTOPYIO OCEBBIE TUIA3MEHHBIE MYIIKH, ()YHKIIHOHATIBHO CBA3aHHBIE C MEPBBIM M BTOPBIM AUBEP-
TOpaMH, IEPBOI M BTOPOH (POPMHUPYIOIIUMHU CEKIIUSIMU U KaMEpOu yepiKaHus,

MHO’KECTBO MHKEKTOPOB ITy4YKOB HEHTpAIIbHbIX aTOMOB, CBSI3aHHBIX C KaMEpOH yIep>KaHHUsA U OPHEHTHPO-
BaHHBIX C BO3MOXKHOCTBIO MHXKEKIIUU ITyYKOB HEHTpPaNbHBIX aTOMOB K CpeJHEN IIIOCKOCTH KaMephl yAepKaHUSA
HOJ YIJIOM, OTKJIOHEHHBIM OT HOPMaJIi K MPOJOABHOM OCH KaMephl yAep:KaHUsI Ha IPUMEPHO oT 15 1o 25°, u

MarHUTHYIO CHCTEMY, CBSI3aHHYIO C KaMepoll yIepskaHus, IIepBOil ¥ BTOPOil GOPMUPYIOIINMH CEKIMSIMH H
HEepBBIM U BTOPBIM AMBEPTOPaMU, NPH STOM MarHuUTHas CHUCTEMa BKIIOYAET MEPBYI0 U BTOPYIO 3€pKallbHbIE
NpOOKH, pacIojgoKeHHbIE MEX/y NepBOH U BTOPOI ()OPMUPYIOIIMMH CEKIUSMH U MEPBBIM U BTOPBIM JAUBEPTO-
pamu,

npudeM npu GopmupoBanuu cuctemoir FRC B kamepe yaepxkanusi cuctembl FRC sBnsieTcst moanepxu-
BAacMOM CHCTEMOH B Pa3HECEHHOM IOJIOKCHHU CO CTEHKOH KaMephl YAEpXaHUs U Ha WIN IPUMEPHO HA MOCTO-
SHHOM 3HAa4eHHH Oe3 cmaja, B TO BpeMs KaK MydYKH HEHTPalbHBIX aTOMOB HMHXCKTUPYIOTCSI U3 yNOMSHYTOTO
MHO)KECTBA HHXEKTOPOB IIy4YKOB HeHTpanmbHeIX atomMoB B FRC mox yriioM, OTKIOHEHHBIM OT HOpMalH K
MIPOJIOILHONM OCH KaMephl yIepikaHWs Ha MPUMEPHO OT 15 mo 25°, m mo HampaBlIEHHIO K CpPeIHEH IMIIOCKOCTH
KaMepbl yAep:KaHUsL.

2. Cucrema 1o 1.1, JOIOJHUTENBHO COAEpIKalasi OMMH WIK 0oJiee CMEUIAIONINX JIEKTPOJIOB IS SJIEKTPH-
YEeCKOro CMEILCHHUS TOBEPXHOCTH OTKPHITOrO noJjst reHepupyemoit FRC, nmpriem yrmoMsiHyThIH oquH nim Gostee
CMEUIAIOMINX JIEKTPOAOB PacIOiI0KEHBI BHYTPH OIHOTO WIIM Oojiee M3 KaMepsl yAepsKaHus, EpBOH M BTOPOH
(hOpMHPYIONINX CEKIMH 1 EPBOTO M BTOPOTO AUBEPTOPOB.

3. Cucrema no 1.1, npuuem mepBasi ¥ BTOpasi IHaMETpPalIbHO NMPOTUBOIOJIOXKHBIE (opmupyroniie FRC-
CEKIIMHU COAEPKAT MOIYNbHBIC (OPMUPYIOIINE CHCTEMBI Ut reHepuposanust FRC u ee noctynarensHoro mnepe-
MEIIECHUS K CPEAHEH II0OCKOCTH KaMephl yaep KaHHs.

4. Cuctema s TEHEPUPOBaHUS U MOAJEP)KAHUS MAarHUTHOTO TIOJIS C MTOMOIIBIO0 KOH(GUTYpaIuu ¢ oopa-
mennbM niofieM (FRC), conepxamas

KaMmepy yAepsKaHus,

MEPBYIO U BTOPYIO IHAMETPAIbHO NMPOTHBOMONOXKHBIE (popmupytomue FRC-ceknun, cBsi3aHHBIE C KaMe-
poil yaepxaHus,

NIEpBBIH W BTOPOW INBEPTOPEI, CBSI3aHHBIE C MIEPBOH U BTOPOI (POPMHUPYIOIIUMH CEKIUSIMH,

MHOKECTBO MH)KEKTOPOB ITyYKOB HEUTPAIBHBIX aTOMOB, CBSI3aHHBIX C KaMepOW yAep>KaHUs U OpPUEHTUPO-
BaHHBIX C BO3MOXKHOCTBIO MHKEKIIUU ITyYKOB HEHTpPaNbHBIX aTOMOB K CpeJHEN INIOCKOCTH KaMephl yaepKaHUsA
HOJ YIJIOM, OTKJIOHEHHBIM OT HOPMaJIi K NMPOJONBHON OCH KaMephl yaep:kaHHs Ha IPUMEpHO oT 15 mo 25°,

MarHuTHYIO CHCTEMY, CBSI3aHHYIO C KaMEepOH yIepskaHHUs, IIEPBOil ¥ BTOPOI (GOPMUPYIOINMH CEKIUAMH H
MIEPBBIM U BTOPBIM TUBEPTOPAMH,

OJMH WX 0OJIee CMEIIAIOIINX 3MIEKTPOJOB IS IIEKTPHUECKOTO CMEIIEHHsI OBEPXHOCTEH OTKPBITOTO MO-
nst rerepupyemoit FRC, nmpudeM ynoMsiHYTBI OJIMH UK 60J1ee CMETIAIoIINX MJIEKTPOJIOB PACIIONOKEHBI BHYTPH
OJIHOTO MM OoJiee N3 KaMephl yAepKaHUsI, IEPBOH U BTOPOIl (OPMUPYIOMINX CEKLHUI U IEPBOTO U BTOPOTO AHU-
BEPTOPOB,

npudeM npu popmuposanun cucreMoil FRC B xamepe ynepxanust cuctemsl FRC sBisiercss moanepxu-
BaeMOU CUCTEMOH B Pa3HECEHHOM IOJIOXKEHUU CO CTEHKOW KaMephl yAepKaHUSA U Ha WIHM IPUMEPHO Ha MOCTO-
SHHOM 3Ha4yeHuH Oe3 cmaja, B TO BpeMs KakK MyYKH HEHTpaIbHBIX aTOMOB MHXXEKTUPYIOTCS U3 YIOMSHYTOTO
MHOXECTBAa WH)KEKTOPOB IYyYKOB HeUTpanmpHbIX aToMOoB B FRC mon yriom, OTKIOHEHHBIM OT HOpMald K
MPOAOJIEHON OCH KaMepsl yAep:KaHWs Ha IMpUMEpHO oT 15 mo 25°, u mo HampaBlIEHHIO K CpeJHEH MIOCKOCTU
KaMepbl yAep:KaHUsL.

5. CucreMa 1o 1.4, IpUYEM CMEMIAONINE dJIEKTPOJIbI BKIFOYAIOT B ce0s1 OMH WM OOJiee M3 OJHOTO HJIH
6oJiee TOUEUHBIX IEKTPOIOB, PACIIOI0KEHHBIX BHYTPH KaMephl yAep KaHHs Ul KOHTAKTa C CHIOBBIMH JIMHHS-
MH OTKPBITOTO TI0JIs, HA00pa KOJIBIIEBBIX JICKTPOJOB MEXIY KaMepol yaep KaHHs ¥ IEepBOi U BTOPOil dopmu-
PYIOIIUMH CEKIUSAMH IJISI a3MMYTalbHO-CUMMETPUYHON 3apsiiKi yIAAJIEHHBIX OT TPAHHIEI CIOEB MOTOKA, MHO-
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JKECTBA KOHIICHTPUYECKHUX YJIOKEHHBIX B ITTAKET HJICKTPOJOB, PACIOIOKEHHBIX B IEPBOM M BTOPOM JIHBEPTOpax
JUISL 3apsIKA MHOXKECTBEHHBIX KOHIIGHTPHUUECKHX CJIOEB ITOTOKA, a TAK)KE aHOJIOB TUIA3MEHHBIX ITyLIEK IS TIepe-
XBaTa OTKPBITOTO MOTOKA.

6. CucreMa 1o 1.1 wiu 4, mprdeM MarHATHas CUCTEMa BKIJIIOYAET B Ce0sl MHOXKECTBO KATYIICK KBa3WIIO-
CTOSIHHOTO TOKA, aKCHAJIFHO Pa3HECEHHBIX B TIOJIOKEHUSAX BIIOJb KaMEpHI YACpKaHUs, IEPBOH M BTOPOI popMHu-
PYIOLINX CEKIHH M IIEPBOTO M BTOPOTO AUBEPTOPOB.

7. Cuctema 10 1.6, IpUdeM MarHWTHAs CHCTEMa IOTIONHUTEIHHO CONCPKHUT MEPBHIN HaOOp 3epKaTbHBIX
KaTyIIeK, PaCHOJI0KEHHBIX MEKIY TOPIIAMH KaMephl yASp>KaHUI M IEPBOA U BTOPOI (POPMUPYIONTUMH CEKIIHS-
MH.

8. Cucrema 1o 1.7, mpu4eM MarHUTHAs CUCTEMa JOIOJHHUTENBHO COAEPKUT HEPBYIO M BTOPYIO 3€pKailb-
HBIE TTPOOKH.

9. Cucrema 1o 11.1 wim 8, mpuyeM NepBbIi U BTOPO HAOOPHI 3epKaIBHBIX TPOOOK COepKaT BTOPOH Habop
3epPKaJIbHBIX KaTYIIEK MEKAY KaKABIMU U3 IIEPBOH U BTOPOI (POPMHUPYIOIINX CEKLHUH U IEPBOTO M BTOPOT'O JH-
BEPTOPOB.

10. Cucrema 1o 1.4, TOTIOTHUTEIHHO COepIKalas MepBYI0 U BTOPYIO OCEBBIC IUIa3MEHHBIE MYIIKH, QYHK-
IIHOHAJIEHO CBSI3aHHBIEC C TIEPBBIM U BTOPHIM ITUBEPTOPAMH, MIEPBOI M BTOPOI (POPMHUPYIOIIUMHE CEKIUAMHU U Ka-
Mepoi yJiepKaHusl.

11. Cucrema U1 TEHEPUPOBAHUS M TTOAJEPKaHUS MATHUTHOTO TTOJISA C IMIOMOIIBI0 KOH(PUTYpaIuu ¢ o0pa-
mennbM nosieM (FRC), conepxarmas

KaMepy yAepKaHUs,

MIEpBYIO U BTOPYIO IHMaMETPaJIbHO NPOTHBOMONOXKHEBIE (Gopmupytomune FRC-cexnun, cBsi3aHHBIE ¢ Kame-
poil yaepaxkaHus,

NIEPBBIH M BTOPOW INBEPTOPEIL, CBSI3aHHBIE C IEPBOH U BTOPOI (POPMHUPYIOIIUMH CEKIUSIMH,

TIEpBYIO W BTOPYIO OCEBBIC TUIA3MEHHBIC MYIIKH, ()YHKIIMOHAJIBHO CBS3aHHBIEC C MEPBEIM M BTOPBIM JUBEp-
TOpaMu, NEpBOH U BTOPOH (POPMUPYIOIIMMH CEKIMSIMH U KaMEpoil yaepikaHus,

MHOKECTBO WH)KEKTOPOB ITyYKOB HEUTPAIHHBIX aTOMOB, CBSI3aHHBIX C KAaMEPOU yAEp>KaHUs U OPUEHTUPO-
BaHHBIX C BO3MOKHOCTBIO WHIKEKIIMH ITy9YKOB HEHTpPATbHBIX aTOMOB K CpPEeTHEH ITOCKOCTH KaMephl yaepKaHUsA
MOJT YTJIOM, OTKIIOHEHHBIM OT HOPMaJIH K MPOJIOJIEHOM OCH KaMephl yliep KaHus Ha IpuMepHo oT 15 mo 25°, u

MarHUTHYIO CHCTEMY, CBS3aHHYIO C KaMEepOH yIepKaHHs, IEPBOil 1 BTOPOil (OPMHUPYIOMINMHU CEKITUAMH H
TIEPBBIM U BTOPBIM TUBEPTOPAMH,

npudeM npu GopmupoBanuu cuctemoir FRC B kamepe yaepxkanusi cuctembl FRC sBisieTcst moamepxu-
BaeMOW CHCTEMOH B Pa3HECEHHOM MOJIOKCHHH CO CTEHKOM KaMephl YAEpXKaHWs U Ha WIN NIPUMEPHO HA MOCTO-
SHHOM 3Ha4yeHuH Oe3 cmaja, B TO BpeMs KakK MyYKH HEHTpaIbHBIX aTOMOB HMHXXEKTUPYIOTCS U3 YIOMSHYTOTO
MHO)KECTBA HMHXXEKTOPOB IYYKOB HeHTpaibHbIX atomMoB B FRC moa yriioM, OTKIOHEHHBIM OT HOpMaiH K
MPOAOJIEHON OCH KaMepsl yAep:KaHHs Ha IMpUMEpHO oT 15 mo 25°, u mo HampaBIEHHIO K CpeJHEH MIOCKOCTU
KaMepsbl yAepKaHUsL.

12. Cucrema no m.4 wnu 11, npuuem oTAedabHBIE M3 IEPBOM W BTOPOH (pOPMHUPYIOIINX CEKLIUH comepikar
YATHHEHHYIO TPYOy U (POPMHPYIONIYI0 CUCTEMY UMITYIBCHOTO MUTAHNS, IOAKIIOYCHHYIO K YAJIHMHEHHOH TpyOe.

13. Cuctema 1o 1.12, mpudeM GOPMHUPYIOIIHE CUCTEMBI COACPKAT MHOKECTBO OJIOKOB IMUTAHUS M yIIpPaB-
JICHWS, CBSI3aHHBIX C OT/ACIBHBIMH y3JIaMH M3 MHOKECTBA y3JIOB IOABECKH Ui BO3OYKIeHHA Habopa KaTyIIek
OTJENBHBIX y3JIOB U3 y3JIOB MTOJIBECKH, OOBUTHIX BOKPYT YIUIMHEHHOHN TPYOBI MEPBOH M BTOPOH (hOPMHUPYIOLTIX
CEKIIMH.

14. Cucrema 1o 1m.13, mpu4eM OTAEIbHBIC OJIOKH M3 YIOMSHYTOTO MHOXKECTBA OJIOKOB ITUTaHHS M yIpPaB-
JICHUSI COJIEPIKaT CUCTEMY 3aITyCKa M YIPaBICHHS.

15. Cucrema 1o 1.14, mpudyeM CHUCTEMBI 3aITyCcKa U yIPaBJICHHUs OTJIEIBHBIX OJIOKOB M3 YIIOMSHYTOTO MHO-
JKecTBa OJIOKOB NMUTAHUS W YNPABICHHS BBHINOJIHEHBI C BO3MOKHOCTHIO CHHXPOHM3AIMHK sl 0OecrieueHus cTa-
traeckoro ¢opmupoBanus FRC, nmpuuem FRC ¢dopmupyercs, a 3ateM HHKEKTHUPYETCS, WIH ITUHAMHYECKOTO
¢dopmuposanus FRC, npruem FRC onHOBpeMeHHO (hOpMHPYETCs M IOCTYNATEIBHO epeMEIacTcsl.

16. Cuctema 1o 1.11, JOTIOJIHUTENBHO cOAEp X alas OJUH UK 0oJiee CMEMIAIONINX dJICKTPOIOB IS dJIEK-
TPUYECKOTO CMEMICHHS MTOBEPXHOCTEN OTKPHITOTO ToJIs TeHepupyemoii FRC.

17. Cuctema 1o 1.16, mpudeM YIIOMSHYTHIH OAWH WK 00Jiee CMEIIAIoNIUX 3JIEKTPOIOB BKIIFOYAIOT B ceOs
onnH Wiu 0oJiee U3 OJHOTO MIH 0oJiee TOUYETHBIX SJICKTPOJIOB, PACIIONIOKECHHBIX BHYTPH KaMephl yIepKaHUS IS
KOHTaKTa C CHJIOBBIMH JIMHUSIMH OTKPBITOTO ITOJIs, HA0Opa KOJBIEBBIX JIEKTPOIOB MEKIY KaMepoH yaepKaHus
U TIEPBOH M BTOPOI (hOPMHUPYIOIIUMH CEKIMAMH IS a3UMYTaIbHO-CHMMETPHUYHON 3apsAAKH yOaJCHHBIX OT Tpa-
HHIIBI CJIOEB ITOTOKA, MHOYKECTBA KOHLICHTPUYECKUX YJIOKECHHBIX B TTAKET JJIEKTPOJIOB, PACIOI0KEHHBIX B Iep-
BOM M BTOPOM IMBEPTOpAx AJS 3apsAKH MHOXECTBEHHBIX KOHIIGHTPHUYECKHX CIJIOEB MOTOKA, a TaKKe aHOJIOB
TUTa3MEHHBIX MyIIEK JUIs IIepexBaTa OTKPBITOrO MOTOKA.

18. Cucrema 1o 1.17, mpu4eM MarHUTHAs CHCTEMa BKJIIOYAET B ce0s MHOXKECTBO KaTyIIEK KBa3UITOCTOSH-
HOTO TOKa, aKCHAJIbHO PAa3HECEHHBIX B MOJOXKEHHUSIX BIOJIb KaMEpHl yIEpKaHUs, NEpBOU U BTOpol (popMuUpyIo-
MIUX CEKIMH U NEePBOTO U BTOPOTO ITMBEPTOPOB, U MEPBHI HA0OP 3ePKAJbHBIX KaTYIIEK, PACIIONOXKEHHBIX MEX-
Iy TOpPIIaMU KaMephl yAepKaHUs U IEPBOH B BTOPOH (POPMHUPYIOLIIMH CEKIFSIMH.

19. Cucrema mo 1.11, mpuyem MarHuTHas CHCTEMa BKITIOYaeT MHOKECTBO KaTyIIEK KBa3HIIOCTOSHHOTO TO-
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Ka, aKCHAJIbHO Pa3HECEHHBIX B IOJIOKEHUSX BJIOJIb KaMEphl yAepsKaHus, IepBoil 1 BTOpoi GopMHUpyIOmUX CeK-
IIUH ¥ TIEPBOTO U BTOPOTO JUBEPTOPOB, IEPBbIH HA0OP 3epKAIBHBIX KaTYIIEK, PacloI0KEHHBIX MEXy TOPLAMH
KaMepbl yIep KaHus U IIEPBOH U BTOPOH (OPMHUPYIONTIMH CEKIIUAMH, U IEPBYIO M BTOPYIO 3€pKabHBIC IPOOKH,
MPUYEM COAEPKUT BTOPOU HAOOP 3epPKANBHBIX KAaTYIIEK MEXIY KaKIBIMHU U3 IEPBOH U BTOPOH (OPMHUPYIOLIIX
CEKIM U TIEPBOTO U BTOPOTO TUBEPTOPOB.

20. Cucrema o 1.9 wim 19, nmpudem 3epkaabHbIe TIPOOKH TOTIOTHUTEIHHO colep)kaT Habop KOMIMAKTHBIX
HUMITYJIbCHBIX 3€PKaJIbHBIX KaTyIIeK, OOBUTHIX BOKPYT CYKCHHS B KaHaJe MEKAY KaXXIbIMH U3 TIEPBOH U BTOPOU
(hopMUPYIOIINX CEKINH U TIEPBOTO U BTOPOTO TUBEPTOPOB.

21. Cuctema no 1.4 unu 11, npuuem ynoMsiHyTo€ MHOXKECTBO MHXKEKTOPOB ITy4YKOB HEHTpPAIbHBIX aTOMOB
OPHEHTHPOBAHBI TaK, YTO TPAKThl MHXXEKLIMH HampaBiieHbl TaHreHIHaidbHo K FRC ¢ meneBoii 30HOM 3axBaTta B
npenenax cenaparpucsl FRC.

22. Cucrema 1o modomy u3 1.1, 4 nnm 11, TONOJIHUTENBHO coepsKamias HHXEKTOP HOHHBIX TaOJICTOK,
CBSI3aHHBIN ¢ KaMEPOH yAep:KaHUsL.

23. Cucrema 1o mo6omy u3 0.1, 4 wiu 22, TONOJIHATENBHO CO/IEpXKaIlasi CUCTEMY T'eTTEPHPOBAHMS, BbI-
TIOJTHEHHYIO C BO3MOKHOCTBIO MTOKPBIBATh OOpAIICHHBIC K IJIa3Me TIOBEPXHOCTH KaMephl YICp KaHUS U IIEPBOTO
¥ BTOPOTO TUBEPTOPOB CIIOEM T€TTEPUPYIOIIEr0 MaTepraa.

24. Cuctema 1o jqrooomy m3 .1, 4, 11, 12, 16, 18 unm 22, npudeM MarHUTHAas CUCTEMa JOMOJHUTEIBHO
COJZICPKHT JIBE MM O0JIee OTKIIOHSIOMINE KaTYIIKH, CBSI3aHHBIE C KAMEPOH yJIepKaHUS ¢ KaXKI0H CTOPOHBI Cpesi-
HEH IUIOCKOCTH KaMepHl yIep KaHusI.

25. Cucrtema 1o 1.24, mpudeM MarHWTHas CHCTEMa JOTOJTHHUTEIHLHO CONEPIKUT HAOOp KOMIAKTHBIX HM-
MYJIbCHBIX 3€PKAJBbHBIX KaTyIIeK, OOBUTHIX BOKPYT CYXXEHHs B KaHAJE MEXIy KaXKIbIMH M3 IEPBOM M BTOPOM
(hOpMHPYIONINX CEKIMH 1 IEPBOTO M BTOPOTO AUBEPTOPOB.

26. Cucrema Ut TeHEPUPOBAHUS U OJJIEPXKAHUSI MArHUTHOTO OIS C TIOMOIIBI0 KOH(Urypanuu ¢ odpa-
meHHbM nosteM (FRC), coxeprkamias

Kamepy yAep KaHus,

MIEPBYIO0 U BTOPYIO ITHAMETPAIBHO MPOTHBOMOJOXKHEIE dopmupyromire FRC-cexuuu, cBs3aHHBIE C Kame-
poit yepxxaHusi,

TIEPBBIA U BTOPOU TUBEPTOPHI, CBI3aHHBIEC C TIEPBOM U BTOPOH (DOPMHUPYIOIIUMH CEKITUSIMH,

MHOKECTBO WH)KEKTOPOB ITyYKOB HEUTPAIBHBIX aTOMOB, CBS3aHHBIX C KaMEPOU yAep>KaHUs U OPUEHTUPO-
BaHHBIX C BO3MOKHOCTHIO WHIKEKIIMH ITy9YKOB HEHTpPATbHBIX aTOMOB K CpPEeTHEH ITOCKOCTH KaMephl yaepKaHUs
TIOJT YTJIOM, OTKIIOHEHHBIM OT HOPMaJIH K MPOJIOJILHON OCH KaMephl yaepKaHus Ha MPUMEpPHO oT 15 1o 25°,

MarHUTHYIO CHCTEMY, CBSI3aHHYIO C KaMepoll yIepskaHus, IIepBOil ¥ BTOPOil GOPMUPYIOIINMH CEKIMSIMH H
HIEPBBIM U BTOPBIM JTUBEPTOPAMH,

CUCTEMY IeTTepUPOBaHHUS, BHITIOJIHEHHYIO C BO3MOKHOCTBIO TIOKPBIBATH OOpalIeHHbIE K M1a3Me II0BEPXHO-
CTH KaMepbl YAEp>KaHUs U IIEPBOT0 U BTOPOT0 AUBEPTOPOB CIOEM FeTTEPUPYIOIEro MaTepHuana, u

Ha0Op KOMIAKTHBIX UMITYJIBCHBIX 3€pKaJIbHBIX KaTyIIEK, OOBUTHIX BOKPYT CYXKEHUs B KaHAJIE MEKIY KaxK-
JBIMH U3 TIEPBOH M BTOPOI (POPMHUPYIOIINX CEKLIUI U IIEPBOTO ¥ BTOPOTO JUBEPTOPOB,

npudeM npu GopmupoBanuu cuctemoir FRC B kamepe yaepxkanusi cuctembl FRC sBisieTcst moanepxu-
BaeMOH CHCTEMOH B Pa3HECCHHOM ITOJIOKEHHUN CO CTEHKOW KaMephl yAepKaHWSA M Ha WIM IPUMEPHO Ha MOCTO-
SHHOM 3HaueHHH Oe3 craga, B TO BpeMs KaK ITyYKH HEUTPaJbHBIX aTOMOB WH)XEKTHPYIOTCS W3 YHOMSHYTOTO
MHOYECTBAa HH)KEKTOPOB ITy4KOB HEUTpaibHBIX aToMOB B FRC moj yriioM, OTKJIIOHEHHBIM OT HOPMAJH K IIPO-
TTOJIGHOM OCH KaMepbl yIep>KaHus Ha TIPUMEPHO OT 15 1o 25°, v 110 HAMpaBJICHUIO K CPeTHEH MITOCKOCTH KaMephI
yAepKaHUsL.
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